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AIAIra t

A quick, inexpensive technique has been developed for the analysis of a

full aircraft configuration with iced surfaces. A comprehensive literature

search of icing analysis methods is presented. Viscous effects for the flow

field about an airfoil with an iced leading edge are accounted for in a thin-

layer Navier-Stokes code (ARC2D). A panel code (PMARC) solves the flow

field away from the body. The results of the airfoil analysis represent the

near-field solutions and are used to modify the boundary conditions in the

three-dimensional calculations with the panel code by matching the local

circulation. This process is repeated until the total lift coefficient between

successive iterations differs by less than a specified value. Comparison

with viscous experimental data shows excellent results for lift coefficient

and a strong improvement over the basic PMARC for drag and pitching

moment coefficients. For the full configuration considered, with ice

simulated on the horizontal tail, pitching moment data predicts a very

sudden unstable pitch break above angle of attack = 80. This tendency

models the pitch tendency described in the literature for a similar

configurations with an iced horizontal tail. Thus, a quick method has

been developed to handle a full configuration with viscous effects.
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Chapter 1

Introduction

The effect of airframe icing on aircraft handling qualities and

performance is a concern for the majority of aircraft operators. According

to the National Transportation Safety Board: "Aircraft structural icing is

primarily a problem for the smaller commuter, air taxi and general

aviation aircraft. ... Of the approximately 210,000 general aviation

aircraft registered in the United States [in 1981], only about 12,000 have

been issued certificates by the FAA for flight into known icing

conditions."1 Yet pilots encounter airframe icing unexpectedly and icing is

implicated in many accidents each year. From the yearly reviews of

aircraft accident data, a significant percentage of the general aviation

aircraft accidents due to weather cite "icing conditions" as a cause or

factor.2-4

Airframe icing is not just a concern for operators of "small" or "light"

aircraft: there are many instances of loss of control or fatal crashes of

transport aircraft due to icing. (References 5 through 9 provide a short list

representative of the many air transport accidents due to icing.) These

accident investigations provide data showing the effects of icing on the

aircraft performance and handling qualities through the data recorders on

the incident aircraft. The amount of ice contamination necessary to

significantly affect the airflow over a control or lifting surface is very

small. The Fokker F.28, e.g., encounters a "25% reduction in maximum

lift and a 6' lower stall angle of attack. The test, with contamination



equivalent to ice particles 1-2 mm in diameter about one particle/cm,

replicated a 1969 incident...,,8

As recently as October 1992, the FAA, in an article to airman,

discussed the "number of fatal and non-fatal accidents and incidents of

uncommanded pitch-down resulting from tailplane stall during or

following flight in icing conditions." 10 This article states: "Ice induced

tailplane stall accidents of record have occurred with reported ice

accretion from 3/16 to 1 inch thick on the leading edge of the tailplane"10.

The most insidious part of icing phenomena is that "Tailplane ice without

wing ice is possible" 10 due to the different physical layouts of different

airplanes, i.e. tail immersed in the propwash, differences in leading edge

radii of the wing and tail, etc. The article concludes by stating: "Pilot

action resulting from proper training using appropriate information can

have an immediate benefit in minimizing the hazards of ice induced

tailplane stall."10 Pilots could gain experience flying with an ice

accumulation through simulator training. The aircraft's stability and

control characteristics could be developed for input to the simulator if a

computer program existed to model a complete configuration with ice

accumulations. This need is also suggested in Reference 14 and discussed

later in this section.

Typically, icing effects are greatest when the aircraft is flying at an

angle of attack different from the one at which the ice was accreted.

Usually the ice is accreted at a fairly low angle of attack, e.g., during

cruise or descent. Then the aircraft flies at a higher angle of attack, e.g.,

on approach or during a go-around or a subsequent takeoff. The built-up

2



airframe ice causes flow separation from the unprotected or poorly

protected lifting or control surfaces. This can lead to aircraft pitchup and

stall or uncontrolled lateral-directional motion. The ability to predict this

motion quickly would greatly aid in the design of the control system.

The Federal Aviation Regulations1 1 ,12 (F.A.R.'s Pt. 23 & 25) require

that "An analysis must be performed to establish ... the adequacy of the

ice protection system for the various components of the airplane."

Ferrario and Wallis 13 give excellent insight into the workings of an icing

flight test program. Through this report, one can understand the time

consuming and dangerous nature of certifying an aircraft for flight into

known icing conditions. The flight test program involves testing the

aircraft with simulated ice shapes, with system failures and flight in

actual icing conditions. The currently unpredictable nature of this testing

is a major contributor to the hazardous nature of this testing. A tool to

conduct some of this analysis at minimum expense could shrink the flight

test matrix and reduce program cost.

What is the physical phenomena related to ice formation on the

leading edge of a wing? Two general types of ice form on the wing surface

based on the rate at which the supercooled water droplets freeze. At

colder temperatures, approximately -8°C and below, a dry growth (rime)

ice forms and conforms to the shape of the leading edge. Due to the

streamline nature of this ice formation, it does "not adversely affect lift

and drag characteristics of the airfoil."14 At temperatures just below

freezing and at a higher liquid water content, glaze ice forms. "At these

temperatures, water droplets do not freeze immediately after

3



impingement, but run first on the profile upward or downward from the

stagnation point before freezing.... The result is a deposit of ice with two

horn-like protrusions... Such an ice shape is aerodynamically very

unfavourable." 14 Other factors affecting the shape of ice formed include:

airspeed, drop size and liquid water content of the cloud, shape of the

surface and angle of attack.

Leading edge icing greatly distorts the shape of an airfoil. Figure 1,

from icing tunnel experiments, shows the dependence of ice shape on

temperature and liquid water content (LWC). Though there is a

dependence on temperature and LWC, the mass of the ice shape and the

general form of the shape are reasonably constant away from the freezing

level. 15 Thus, modeling one ice shape can cover a range of temperatures

with little loss of generality.

0 AIAWEID. 205 suW;a UiK. 1.3 9/xt" Tif. I Pan

TOTAL
TEIP3AnIAE -26 CC -20 OC -1S C -15 C -12 C -8O -5 CC -2 OC -i OC o0 C

o AIRSKfED. 3M3 KWWm LWC. 1.05 9/"3 ; TIME. 6.2 mni

TOTAL <C ; - ý-ý-ýý- -=-E-

• rXUl rUU -26 OC -, 17 c -12 O -8 CC -2 OC 0 Oc

Figure 1. Ice Shapes

(Copied from Reference 15)

Due to the physical aspects of flow over an iced airfoil, a viscous

analysis of the flowfield is necessary. Figure 2 shows the pertinent

aspects of this flowfield. These key aspects include: the ice shape, or

"horn", a separated flow zone and a thick distorted boundary layer. The

4



horn formation, with its accompanying surface roughness, varies due to

the type of ice formed. The type of ice formed is based mainly on

temperature of the air and the airfoil surface. Behind the "horn" is a

separated flow zone which can occur on either the upper or lower surface

depending on two factors:

(1) the angle of attack at which the ice was formed and

(2) the angle of attack at wlh: h the aircraft is now flying.

Finally, there is a thick distorted boundary layer which alters the airfoil

shape further as well as increases the drag.
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Figure 2. Key Aspects of Airfoil and Wing Icing

(Copied From Reference 15)

Current analysis methods dealing just with an airfoil are not

adequate to satisfy the requirements of the F.A.R.'s regarding certification

of an aircraft. What is needed is the capability to model the whole

aircraft. Bragg and Gregorek 16 provide an analytical scheme using the

component buildup method. Limitations to this scheme include:
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(1) using empirical correlations which "must come from wind

tunnel or flight tests"16 (Thus the results are very model dependent.);

(2) dealing only with the lift and drag of the iced aircraft and not

the moments that affect the handling qualities.

Potapczuk et al. 17 provide a step toward three-dimensional ice accretion

by modeling the ice accretion for a swept wing. This is a first step toward

modeling the accretion of ice on a complete aircraft, but the results don't

compare well with the 2-D data. Currently attempts are being made to

model the entire iced aircraft in a viscous medium, but are meeting with

limited success. 18 Thus analysis of a complete aircraft with icing is not

available yet.

Three-dimensional computation with the full Navier-Stokes

equations for an entire aircraft is the ultimate solution due to the

separated flows involved. These calculations would be very time

consuming both in generating the grid for the flow solver and in the

computing time required for the solution. A quick, less expensive solution

involves the use of a panel code, like PMARC (Panel Method, Ames

Research Center), to model the entire aircraft. But potential flow

methods cannot model the rotational flow in the separated wake behind

the ice shape. Therefore, the proposed approach is to use a Navier-Stokes

code (ARC2D) to provide the near field solutions for a panel code (PMARC)

as described under Theoretical Development.

Such a tool would meet one of three key objectives of NASA's Icing

Technology Program: "numerically simulate an aircraft's response to an

inflight icing encounter."19
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Chapter 2

Review of Literature

This section will provide a review of pertinent literature.

Experimental testing will be discussed first, followed by a discussion of

analytical results.

2.1 Experimental

Much experimental work has been reported on the effect of ice

accreted to the leading edge of airfoils and wings. Bragg and Gregorek 19

used the "component buildup" method to estimate the effect of ice

accretion on the performance of aircraft. In their method, they used

existing component data and empirical correlations (or experimental 2-D

data) to predict aircraft performance with ice. This method relies on a

large database developed from experimental testing including flights into

icing encounters.

To develop this part of the database, NASA Lewis Research Center

has a Icing Research Tunnel (IRT) which simulates the effects conducive

to airframe icing to determine the effects on airfoil performance.

Bidwell 2l, as one example, used the IRT to determine icing characteristics

(shape and drag increase) of three different airfoils. These shapes can be

used to model ice accretion. Because of the effects of icing tunnel

conditions on experimental equipment, most flowfield measurements for

an iced airfoil have been made in a "clean" tunnel using a simulated ice

shape which closely models the shapes developed in the icing tunnel. This

is exactly what Bragg20 and Bragg, et al. 22 did to conduct their

investigations. Bragg, et al., used ice tracings to duplicate the ice shapes

8



and drag measurements to verify their methods. (Drag is the only value

which can be directly measured during ice accretion in the IRT.) Bragg

used these shapes attached to the leading edge of a NACA 0012 to take

pressure, lift, drag and moment measurements at a variety of angles of

attack and Mach numbers. The effect of an iced shape on cl, cd, and Cmc/4

is compared with the data for a "clean" (no ice shape attached) NACA 0012

from Abbot and von Doenhoff3 8 in Figure 3.

In these figures, one can see the reduction in both lift curve slope and

c1mafor the iced airfoil. These reductions along with the large increase in

cd are attributed to the massive separation region behind the "horns" of

the iced shape. Notice the large increase in drag coefficient and large

change in pitching moment due to the distorted pressure distribution

behind the iced shape.
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Figure 3. Effect of Iced Shape on cl, cd, Cmc/4 for a NACA 0012 Airfoil

(Clean Airfoil Data from Ref. 38, Iced Airfoil Data from Ref. 20.)
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Korkan 23 extended this work to take into account Reynolds number

effects in terms of Acd , ACl, AClmax, and Acmc 4 due to ice accretion for a

generic ice shape. Flemming and Lednicer 2 4 moved the experimental

database for both accreted ice and simulated ice into the high-speed

regime, considering Mach numbers up to 0.7. These results improve the

prediction capability for ice thickness, lift, drag and pitching moment by

increasing the number of parameters considered to predict the type of ice

formed. The method breaks down in the approach to stall regime.

Bragg, et al.2 5 extended simulated icing force measurements in the

third dimension by considering both straight and swept wings with

simulated ice. Flow visualization from this study shows the

three-dimensional nature of the flowfield about the iced swept wing.

To meet certification requirements, much full-scale testing of icing

effects on aircraft has been accomplished, but most of this data is

proprietary. Laschka and Jesse 14 discuss the decision-making process

and testing required to certify the Airbus A300 without de-icing or

anti-icing protection on the tail surfaces. This investigation showed that

tail icing did have an effect on the handling qualities of the aircraft, but

"not too serious"14 an effect.

Ranaudo, et al. 26 performed tests to determine the accuracy with

which the effects of icing could be measured for aircraft longitudinal

stability and control. In this study they stated that even if the aircraft is

equipped with energy-efficient deicing systems, they "...will have to

demonstrate acceptable flying qualities with some leading edge

11



contamination..."26 From this study, it was determined that the main

effect of icing is at low speed.

2.2 Theoretical

There are two favored methods to perform the viscous analysis of an

airfnil with a leading edge ice shape attached: the interactive

boundary-layer method and solution of the Navier-Stokes equations.

Cebeci2 8 uses the interactive boundary-layer(IBL) method to

calculate the viscous effects of an iced airfoil. In this method, an inviscid

conformal mapping solution is made about the airfoil. Then, the boundary

layer equations are solved for this pressure distribution. This

boundary-layer solution modifies the airfoil shape and the cycle is

repeated. Cebeci29 , et al., have applied this technique to calculate the

forces and moments for an airfoil with an ice accretion shape developed by

LEWICE. (LEWICE is a computer program developed at NASA Lewis

Research Center to simulate the accretion of ice on an airfoil.) This

method requires some "adjustment" to the iced shape to smoothly

introduce the airfoil with this iced shape into the calculations.

Potapczuk 2 7 used ARC2D (Ames Research Center, Two

(2)-Dimensional), a thin-layer Navier-Stokes code, to calculate the forces

and moments on a NACA 0012 airfoil with leading edge ice. The

NACA 0012 model was modified to have a leading edge ice shape that had

the gross cross sectional features of an ice shape grown in the IRT, but

also had a geometry that could be accurately digitized to allow input to the

flow analysis codes. This study states: "Computational results agree well

with experimental information at angles of attack below stall."2 7
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Reinmann et al.1 5 , in a NASA summary paper on icing research, indicate

that both methods predict lift and drag coefficients well at low angles of

attack (a < 6), but "the IBL code appeared inadequate at the high alphas.

At these higher angles of attack the ARC2D code predicted unsteady

flow." This report aided in the decision to use ARC2D to provide the

viscous analysis.
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Chapter 3

Theoretical Development

The primary objective in this research is to compute the longitudinal

aerodynamics for a complete airplane configuration with iced lifting

surfaces. Right now, there are no simple and inexpensive methods that

can deal successfully with this problem. This section provides a

theoretical development of the programs to be used in this research.

These programs include: ARC2D, a viscous flow analysis code, PMARC, an

inviscid panel code and GRAPE, a grid generation code.

The proposed method is to use a panel code (PMARC)3 0,3 1 to model

the complete configuration, while the icing effect on a lifting surface is to

be calculated with a two-dimensional Navier-Stokes code (ARC2D)32 .

How these two solutions are utilized to obtain the final results for a

complete airplane configuration represents the important contribution of

this research.

3.1 ARC2D

The viscous effects on an iced airfoil will be precomputed using

ARC2D and stored in a "lookup file" to be referenced by PMARC. ARC2D

is based on the thin-layer Navier-Stokes equations in two-dimensions 32 .

The strong conservation form of the two-dimensional Navier-Stokes

equations in Cartesian coordinates and nondimensional form can be

written as follows:

a, Q +a,, E +ayF = Re-'(, E, + ay, F,) (3.1)

where:
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IPv PP

Le j Lu(e + p)J Lv(e+ p)J

E,, = F,, = (3.2b)
,J T.,,y

Lf, J Lg4J

with

,= g(4u,,- 2vy)13

',,y = .,(,, - v,)

TYY = V~(-2 ux + 4 vy)13 (3.2c)

f4= u r + v Tx + gI Prc1 (y - I)-l' D.a2

94 = u'c, + v'yy + gPr-1 (T - 1)-1 a~ya'

The equation of state relates the flow variables, Q, to pressure:g4 =(y-1)+~Pf(e 1 + a2)

e- 1p(u 2+V2 (3.3)

In ARC2D the primary variables, p (density), u v (Cartesian velocities),

and e (total energy), are non-dimensionalized as:
p u -. v - e_ , v = u -, = (3.4a)

p=p. a. a-. p-a!

Time is nondimensionalized as " = %, where I is a characteristic length.

The viscous coefficients are non-dimensionalized as:

Re = pla.. (3.4b)

Note that Re uses a., therefore Re, based on u** (the usual form for

experimental data), must be scaled by M. = u..-a... For the remainder of

the development, the - will be dropped for simplicity.
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Equation (3.1) can be transformed from Cartesian coordinates to

general curvilinear coordinates where

S= ý(x,y,t) (3.5)

TI = 7J(x,y,t)

The transformations are chosen so that the grid spacing in the curvilinear

space is uniform and of unit length. Chain rule expansions are used to

represent the Cartesian derivatives d, and 3, of Eq. (3.1) in terms of the

curvilinear derivatives:

d.0x = , IT, d (3.6)

Therefore, applying Eq. (3.6) to the Navier-Stokes Equations,

Eq (3.1), one gets

Re-`Q ()E, + q.aE, + ra;fd, + +1ajF) (3.7)

To this equation in generalized curvilinear coordinates, one can apply

the thin-layer approximation. This approximation requires that:

(1). All body surfaces be mapped onto coordinate surfaces

(2). Grid spacing is clustered to the body surfaces such that

sufficient resolution for a particular Reynolds number is obtained.

(3). All the viscous derivatives in the 4-direction are neglected,

while the terms in the n-direction are retained. All of the inviscid

terms are used.

After applying this approximation to Eq. (3.7), one obtains:

a,,+ atE + a,,F = Re-, (3.8)

where
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1= JpU 1 4J-1 u
IPeVj pvU+E4p PvV+ 7'YP

Le E U(e + p)-4,p- V(e + p)- TpJ

with

U=4, +4u +4v, V= rl, + .,,U+ v (3.9b)

and
01

1 "h += Ji 2  (3.9c)
rllrn2 + rlyrn3K1. (urne + vmn + in,) + Tl, (um + vin, + in,)

and

inm = .(4xu,1 - 2Tryv4)/3

M'2 = 9yn+ %iV11)

rn3 = t2%u,, + 4, v,)/3 (3.9d)

m4 = g Pr-'(y - 1)q(a 2)

mn5 = 9 PC'(y - l~y¾, (a 2 )

ARC2D uses the Baldwin-Lomax turbulence model which was

specifically designed for use with the thin-layer approximation. 32 This

model is appropriate to attached and mildly separated boundary layers.

Other turbulence models have been applied to the icing problem. In the

study by Shaw, et al.3 3, the Johnson-King and the k-E models were tested

with no noticeable effect. This study does conclude that "Limitations ...

include ... turbulence modeling."3 3 Potapczuk 2 7 used ARC2D with this

turbulence model and had good success in modeling the simulated ice

shape to a=7".
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ARC2D uses an implicit approximate factorization finite difference

scheme which can be either first or second order accurate in time. Local

time linearizations are applied to the nonlinear terms and an approximate

factorization of the two-dimensional implicit operator is used to produce

locally one-dimensional operators. Approximate factorization is

introduced because integration of the full two-dimensional operator is "too

expensive."32 The spatial derivative terms are approximated with second

order central differences. Explicit and implicit artificial dissipation terms

are added to achieve nonlinear stability. A spatially variable time step is

used to accelerate convergence for steady-state calculations. 3 2

One arrives at the approximate factored form of the Eq (3.8) by

applying an implicit three point finite difference scheme of the form 32 :

A@n = At D(4n)+ At Dý , Paý-
=1+(Pt 1+•" (P t +( t

(3.10)
+0[(0-1-P)At2 +at3]

where:
AQ"=(n+_• (3.11a)

and

Qn =Q(nAt) (3.11b)

The parameters * and p can be chosen to produce different schemes of

either first or second order accuracy in time. If d = 1 and (p = 1/2 , this

scheme is second order in time.

Therefore applying Eq. (3.10) to Eq. (3.8) results in:
Qn~1 -Q" + h(Et + FP - Re` 9"+') = 0 (3.12)
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with h = At.

We wish to solve Eq. (3.12) for Qn+I, given Q". The flux vectors EF

and S are nonlinear functions of Q and therefore, Eq. (3.12) is nonlinear

in Qfl'. The nonlinear terms are linearized in time about Q" by a Taylor

series such that
n+1= + A"AQ" + 0(h2)

F-+1 = FP + B"AQn + O(h) (3.13)

Re-&1 g+1 = Re-' [s + j-M"AQ"] + O(h2 )

where A = b B = F-I , and JC4 = 8SDý are the flux Jacobians and

AQ" is O(h).

Applying Eq. (3.13) to Eq. (3.12) and combining the AQ• terms

produces the "delta" form of the algorithm
[I+ haoA," + haml " -Re-' hJ-'D 1 4]AQ"

(3.14)

-h(clE na rip"F - R`a n

This is the unfactored form of the algorithm. The right hand side of

Eq. (3.14) is called the "explicit" part and the left hand side the "impli zit"

part. The implicit part can be factored into two one-dimensional operators

as

[I +hat An+ha T n -Re-' hf-1aM]AQ

[I + + a- hR' (3.15)

4-direction term 11-dirction term

-h'D Aa4 A in tAQ - h 2 Re-' a aj1K

Czcu Term

The cross term is second order accurate since AQ" is 0(h). It can

therefore be neglected without degrading the time accuracy of any second

order scheme which is chosen.
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The resulting approximate factored form of the algorithm is

(1+ hak~A'][1 + h~f" - hRe'Djf'M ]AQ' =

(3.16)
-h(a}• + D)Jp n- Re-1 aT, S")

And this allows the solution to consist of two one-dimensional

sweeps, one in the k-direction and one in the rl-direction. The resulting

process is much more economical than the unfactored algorithm in terms

of computer storage and CPU time.

3.2 PMARC

PMARC (Panel Method Ames Research Center 30 ,3 1) is the panel

code which will be used to model the region away from the airplane. This

code was derived from VSAERO34 by including various improvements.

These improvements31 are summarized as follows:

(1). In the PMARC code, the wake generation and relaxation

schemes used in the VSAERO code are replaced with a time-stepping

wake model. This allows the user to specify a prescribed motion for the

paneled geometry.

(2). The time-stepping routines allow either unsteady or steady

motions to be prescribed. Also, the time-stepping wake makes it

possible to compute aerodynamic data for complete aircraft

configurations going through maneuvers.

(3). "A data management scheme has been devised for PMARC

which seeks to maximize the number of panels the code can handle

while minimizing the amount of memory and disk scratch space

required to run the code." 3 1 Specific aspects of the data management
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scheme include use of variable dimensioning for all major arrays

within the code, creation of a memory saving common block in which to

store arrays local to a subroutine, provision of a reasonable balance

between the amount of memory used and the amount of disk scratch

space used, and elimination of redundancy of variables both within the

code and the plot and output files.

(4). The PMARC code has adjustable arrays for all the geometry,

wake, and solution-related arrays. This allows the user to customize

the size of the code to fit his particular needs and hardware capacity.

(5). In developing PMARC, many of the disk scratch files, that

VSAERO used, were removed to conserve memory. Removal of the

disk 10 statements and use of common blocks to pass information

between subroutines greatly streamlines the coding and produces a

faster running code.

(6). The aerodynamic data section of the output file from PMARC

has been reorganized to add new options to the panel aerodynamic

data printout and to separate the force and moment data from the

panel aerodynamic data.

In PMARC, the flow field is assumed to be inviscid, irrotational, and

incompressible. (The following development closely follows the

development of Ashby3 1 .) The body is modeled as a closed surface that

divides the flow field into two regions, an external and an internal region.

A velocity potential is assumed to satisfy the Laplace equation where:

V2 cl=0, (3.17)

applies in the external region and
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V24i =0, (3.18)

applies in the internal region.

By applying Green's Theorem, the potential at any point, P, may be

evaluated:

op = JJ(04 I JJ (!fr. 1(Vcb-V~i)dS (3.19)

where F is the distance from the point P to the element dS on the surface

and n is the unit normal to the surface pointing into the flow field of

interest. Physically, the first integral represents the disturbance potential

from a surface distribution of doublets and the second integral represents

the contribution from a surface distribution of sources.

In the development of PMARC, this equation is simplified through

the following assumptions:

(1). On the surface at infinity, the perturbation potential due the

body is zero, leaving only the uniform onset flow.

(2). The wake is thin and there is no entrainment so the source

term for the wake is zero and the jump in normal velocity across the

wake is zero.

Applying these assumptions, the simplified equation is:

40,P ff (4b )AV(!)dS -If-(!) (VO -Vcz)dS

(3.20)

+• I f(4b,- )/.)/" v(I)dS + .,
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When performing the integration, the point P must be excluded if it

lies on the surface. Assuming a hemispherical deformation of the surface

and evaluating the integral as the radius of the hemisphere goes to zero

gives a contribution at the point P equaling ±_(4)- ci)P. (The plus sign

applies for points lying on the inside of the surface and the minus sign

applies for points on the outside of the surface.)

The total potential, (D, can be viewed as being made up of an onset

potential, 0., and a perturbation potential, 0 = (D- -.. The potential of

the flow internal to the surface is set equal to the onset potential 0_..

(This boundary condition is chosen to reduce the magnitudes of the

singularities on the surface.) Using this internal Dirichlet boundary

condition and looking at points P inside the surface, Eq.(3.20) can be

rewritten as:

4cS-P 4tSF

(3.21)

If one refers to the physical definitions made for Eq. (3.19), the

following equations may be written for the doublet and source strengths:

47tlt = 0 =D @- 0_ (3.22)

4na = -.h (V4) - Vo_) (3.23)

Assuming that the normal velocity at the surface is either zero (a

solid surface) or some known value (a porous surface for suction or

blowing), then the source strengths can be evaluated immediately:

1..-•n(Vno,, -i. V.) (3.24)
4n~
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Substituting Eqs. (3.22) and (3.23) into Eq. (3.21), leaves the integral

equation to be solved for the unknown doublet strength over the surface:

o=f~ ~ S2tpd+f AW h~. V(JijdS (3.25)
dS+J

Discretizing the surface by breaking it up into panels gives the

discretized form of Eq. (3.25), which allows the integrals to be evaluated

as surface integrals over each panel. The surface integrals represent the

velocity potential influence coefficients per unit singularity strength for

panel K acting on the control point J. Hence, Eq. (3.25) becomes:

,(XKCW) + I_(aKB.,W) + , (4W. CAL) = (3.26)
Ifi K=I /=I

where:

B1~jJ( dS (3.27)

and

CH= ffh. V( )S
K

(3.28)
Ci = -2n

The coefficients CJK and BJK represent the velocity potential

influence coefficients per unit singularity strength for panel K acting on

the control point panel J. Eqs. (3.27) and (3.28) are functions of geometry

only and can be solved for all panels to form the influence coefficient

matrix. Since the source values are known and the wake doublet values

can be determined as functions of the surface doublet values, only the

surface doublet strengths are unknowns. Solving for these unknown

doublet strengths allows all of the panel singularity strengths to be

known. From these singularity strengths, surface velocities can be
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determined. Using the surface velocities, the aerodynamic forces and

moments can be calculated.

3.3 GRAPE

Grids will be generated for the viscous 2-D analysis using a program

called GRAPE. GRAPE stands for GRids about Airfoils using Poisson's

Equation. This program was chosen for grid generation because of its

ability to handle arbitrary shapes, which is important when the shape of

ice on the leading edge of an airfoil is considered.

A detailed development of the theory behind this program is

presented in Sorenson 35. In this section, only the main points will be

discussed.

Let 4 = 4(x,y) and 1 = ii(x,y) specify the mapping from the physical

space to the computational space. The mapping functions are required to

satisfy the Poisson equatns:

S+ = P (3.29)

1+ .T+1 = Q (3.30)

The following relations are useful in transforming equations between

computational space and physical space:

_. = Y>/j (3.31a)
-X/• (3.31b)

(3.31c)

11y = (3.31d)

where

J = xkyq - xqy4 (3.31e)

Applying Eqs.(3.31) to Eqs.(3.30) yields the transformed Poisson equations
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ax. - 20x', + yxn = -J2 (Px, + Qx,) (3.32a)

aya - 2 Oy•,: + jyqI = -J2 (Py; + QyI) (3.32b)

where

a = +Y y (3.32c)

0 = xx,. + y.y, (3.32d)

Y = X2 + y4 (3.32e)

Solving Eqs. (3.32), for a particular choice of inhomogeneous terms, P and

Q, and for a particular set of boundary conditions, causes a grid to be

generated.
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Chapter 4

Research Methodology

In this section, the proposed method will be overviewed. Then, two

similar approaches will be presented and the shortcomings of these

methods will be pointed out. Finally the proposed method will be

developed in detail.

4.1 Overview

A quick method to analyze a three-dimensional flowfield about a

complete configuration is to use a panel method, like PMARC. But

PMARC has the deficiency of not being able to account for the effect of

flow separation on aerodynamic characteristics. No potential flow method

can effectively model the rotational flow in the separated wake region. If

the wake is away from a lifting surface, the effect is not critical. However,

on a lifting surface with a separated boundary layer, a better approach is

necessary. Although a 3-D Navier-Stokes method with an appropriate

turbulent model may be the ultimate solution, it would require a very

time-consuming process to generate a proper computational grid for the

flow solver of choice. The computing time for the flow field solution would

be extensive. The proposed approach is to use both the panel code

(PMARC) and a 2-D Navier-Stokes code (ARC2D) in the following way.

Essentially, in the near field (i.e., near the wing), the 2-D solution is

valid; while in the farfield the 3-D solution is appropriate. These two

solutions must be matched so the local circulation is the same. This

matching condition generates effective sectional angles of attack for the

3-D boundary conditions. In this approach, the 2-D method is applied to
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the iced airfoil section before running the 3-D code. The 2-D results are

used in an iterative manner to arrive at the converged 3-D solution.

Experimental data can also be used to supply the necessary boundary

conditions to the 3-D code.

4.2 A Similar Attempt

Because the attempt about to be reviewed uses the same tools as the

proposed research, its review has been reserved until this section.

Nathman and Strash 3 6 proposed using ARC2D to handle the viscous

effects about an iced airfoil and VSAERO to analyze the irrotational

flowfield about an aircraft with iced lifting surfaces. (As previously

mentioned, PMARC was developed from VSAERO.) Two methods were

suggested. In the first method, ARC2D was used "to compute the

separation bubble behind the artificial ice shape for various angles of

attack. The geometry of this bubble was used as input to VSAERO as a

type"3 6 of separated wake. The second (simpler) method "used the forces

predicted on the horizontal tail by ARC2D (allowing for the downwash

predicted by VSAERO) and the forces of the rest of the airplane from the

panel code." 36

The problem with both of these methods is that neither method really

takes the three-dimensional effects into account. In the first method, the

two-dimensional solution is used to set the location for the separated wake

for the three-dimensional boundary condition. In the second method, the

downwash is used to correct the angle of attack for the two-dimensional

solution, but the geometry of the iced shape and separated region is not

allowed to affect the three-dimensional solution. The proposed method
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will allow the two-dimensional flowfield to affect the three-dimensional

flowfield and vice versa.

4.3 Coupling a Panel Method with 2-D Navier-Stokes Solutions

Two-dimensional Navier-Stokes solutions have been shown to provide

reasonably good prediction of icing effects on airfoil sections15,27.

Theoretically, the 2-D solution is valid in the near field (i.e., near the

wing section); but in the far field, the 3-D method (PMARC) must be used.

These two solutions are to be matched by requiring the local circulation to

be the same. This matching condition generates effective sectional angles

of attack for the 3-D boundary conditions. Note that this approach is not

the same as the classical nonlinear lifting-line theory because no

lifting-line method is used. This method has been used successfully in

predicting the aerodynamics of a variety of airplane configurations at

different angles of attack, even beyond stall37,39,40. Note that if the 2-D

results are directly used, the method becomes quasi-two-dimensional. The

three-dimensional effect cannot be properly accounted for.(E.g, Ref. 36) In

the proposed approach, the 2-D method (ARC2D) is applied to an airfoil

section independently of the operation of the 3-D code(PMARC). Then the

results from the 2-D analysis will be supplied to PMARC in the form of a

lookup table. The lifting surfaces can be discretized in to chordwise strips

(like airfoil sections) that have an effective angle of attack. At a given

effective angle of attack, the 2-D values of lift, drag and pitching moment

can be looked up and applied.

In this method (The following description is adapted from Tseng and

Lan 39.), an effective angle of attack at a spanwise station, ae , is
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calculated based on the geometric angle of attack, an , the induced angle

of attack, ai, the zero lift angle of attack, a, , and viscous effects, Aa.

Therefore:

ae = an - ai -ao - Aa (4.1)

From this it follows that

CI(3_D) = ct. sin(an - a1 - a. - Aa) (4.2)

Assuming c,. = 2 1-Mi' Equation (4.2) can be solved for ai:

aj=an - sin MD o- (4.3)
. Iflt

If we let the 2-D section lift coefficient, evaluated at an - ai, equal ct(2 _D),

then define:

f- cI(-D) (4.4)CI(3-D)

Since ct(3 _D) is computed with an inviscid theory, its value is usually larger

than Cf(2_D) if Aa = 0. Therefore, f is usually less than 1.0. In this case, a

geometric angle of attack (0') which produces the reduced lift can be

found. That is: sina' =f. sina. or,

a' =sin-'(fsina.) (4.5)

It follows that Aa in Equation (1) becomes

Aa = a, - al (4.6)

The solution is obtained iteratively as follows:

1. Assume Aa = 0.

2. Find ai from Equation (4.3).

3. Calculate f from Equation (4.4).

4. Determine Aa from Equations (4.5) and (4.6).
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5. Use Aa to reduce a in the 3-D boundary condition to determine

Ct(3_D) •

6. Repeat steps 2 through 5 until the successive total lift

coefficients differ by less than a small value, e.g. 0.5%.

Figure 4 is a graphical representation of this iterative process.

Given anao

Assume Aa=0
C,(3D-) from PMARC

Ctc.- = CII2D
cla 1 _M2 ~Evaluate C!t(2-D) at an - a, I3D

a1  a Sn-si , C ja 0--Aa Aa =an - sir'in:-), NO , 'Oe
Is Modify circulation due to Aa

ACL, < 0.% ?Compute CLT,.A..,

SYES, Finished,

compute CD & C M

Figure 4. Schematic of Solution Process to Include Vicous Effects

Following the satisfaction of the convergence criterion of Step 6, drag

and pitching moment are calculated. The associated drag and pitching
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moment for each cl(2 _D) used in (4.4) is combined with the forces from the

converged inviscid solution to provide CD and CM.

CD is a combination of the inviscid induced drag calculated by

PMARC and the viscous sectional drag (included only for lifting surfaces).

The viscous sectional drag is evaluated, like C(2D) at an - ai. The

calculation of CD is illustrated in Eq. (4.7).

CD = CDnn-lg + Cd(3-d)i + Cd(2-a" S (4.7)

where n is the number of spanwise stations on the lifting surfaces, Si is

the area of spanwise stations for a lifting surface. Remember, viscous

drag for a non-lifting surface, e.g. the fuselage, is not accounted for in the

present investigation.

CM is a combination of the moment due to inviscid lift calculated by

PMARC and the viscous drag plus the zero-lift pitching moment of the

spanwise station being considered. Equation (4.8) illustrates the

calculation of CM.

?IM=C(2-d+ + (Cd(2-d)j * -c CI(3-. dý 'X &)J(S 48CM = CM.O..,, + I .(-) •A , (4.8)

where CM.__ is the pitching moment coefficient contribution calculated

by PMARC for non-lifting surfaces, n is the number of spanwise stations

on the lifting surfaces, and xcg. and zcg, are the perpendicular x and z

distances from the moment reference for the 2-d data to the moment

reference of the model.

To show the applicability of the forces and moments obtained from

the 3-D code, these forces and moments (in non-dimensional form) could
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be used as input for a simulator analysis. This analysis would show how

the aircraft would react in a specified flight condition with a

representative ice accumulation. This leads directly to the partial

satisfaction of the certifying regulations.
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Chapter 5

Results and Discussion

This chapter presents the results and discussion of the present study.

This chapter is broken into two parts: the first will discuss the viscous

analysis of the flow about an iced airfoil, using ARC2D; the second will

discuss the analysis of four configurations using PMARC with viscous

corrections: wing alone, wing-body, wing-fuselage-low horizontal tail and

wing-fuselage-high horizontal tail.

5.1 Airfoil Viscous Analysis

This section presents work and results completed to learn the

workings of the viscous code, the grid generation code, then the viscous

analysis of an airfoil section with an iced leading edge.

5.1.1 NACA 0012 Study

Initially, to become familiar with both the grid generation program,

GRAPE, and the Navier-Stokes code, ARC2D, a study was conducted on

the NACA 0012. This airfoil was chosen for two reasons:

(1). experimental data is readily available (e.g., Abbott and von

Doenhoff3 8 , e.g.);

(2). This is the base airfoil on which experimental as well as

analytical icing research has been conducted.(see Bragg20,

Korkan, et al.2 3, Bragg, et al.2 5 & Potapczuk 2 7) Thus to put an iced

shape on this airfoil will be a natural development of previous

research.

In this study, parameters, such as Mach number, Re etc., were chosen to

match the data of Ref. 38. Figure 5 shows the C-grid system used to
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characterize the flow field around the NACA 0012. (Every fourth grid

point is shown to improve clarity.) The grid is made up of 253 points in

the direction around the surface of the airfoil and 64 normal to the

surface. There are 46 points in the wake, leaving 207 on the surface. Grid

points are concentrated near the leading and trailing edges of the airfoil.

Figure 5. Grid About a NACA 0012

While refining this grid, sensitivity studies were performed to

determine the area required to return to freestream conditions and the

grid density in the spacing of the first grid point normal to the surface. In

the grid area sensitivity study, flow fields of 10c X 10c and 15c X 15c were

compared. Comparing the values at a=20 (presented in Table 1), one can

see that both flow fields model the physical situation with the same

accuracy. Thus, the flow field with the smaller area will be used

throughout this study.
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Table 1. Comparison of Grid Area Sensitivity, ot=2°

Cl Cd Cm

10c X 10c 0.18945 0.01667 0.00876

F 15c X 15c 0.18965 0.01615 0.00741

When comparing the spacing of the first grid point, the parameter

used to control this is As. This value is given in percent chord and is used

to set the spacing of the rest of the points in the direction normal to the

surface out to freestream. In this study, two values of As were chosen.

Both values put a sufficient number of points in the boundary layer to

characterize the viscous nature of this area of the flow field. The tradeoff

here is between the number of points to characterize the boundary layer

vs. the number of points to characterize the flow outside of the boundary

layer. Table 2 shows a sample of the results of this study at a = 20.

Table 2. Comparison of First Grid Point Spacing, a=2'

Cl Cd Cmc/4
Abbott and von

Doenhoff38  0.21 0.010 0.00

As=0.0005 0.20931 0.00692 0.00363

As=0.00005 0.18945 0.01667 j 0.00876

Though spacings for both grids do a satisfactory job of predicting cl,

the densest spacing overpredicts both cd and cy 4 . Thus the less dense

spacing will be used throughout this study.

A third sensitivity study involving the number of iterations to

convergence was conducted. In this study a variable timestep was used

based on local eigenvalues. Two timesteps were considered: At=2.0 and
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At=4.0. The convergence rates to a steady state value are compared for cj,

Cd ,and cac 4 in Figure 6.
0.25

0.2

i: 0.15
-5-.- dt=2.0

~0.1
-~ -4--dt=4.0

0.008

0

U0.004

S0.0021

0.015-

00 0.01-

0

550 650 750 850 950 1050 1150 1250
Number of Iterations

Figure 6. Convergence Study for Variations in Timestep
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Lift coefficient has converged for At=4.0 in 900 iterations (and

possibly as early as 600 iterations). Drag coefficient makes a small

change (<3%) after 900 iterations at At=4.0. The moment coefficient

shows convergence in 900 iterations for this longer timestep also. A

longer timestep was not considered and the shorter timestep required

more CPU time to reach convergence. Thus, this longer timestep will be

used for computations, unless convergence plots show the need for further

calculation.

An overall comparison of the ARC2D calculations of the lift, drag and

pitching moment coefficients with experimental data are given in Figure

7a-c. This comparison is made using the "standard roughness" values of

Abbott and von Doenhoff38 and with ARC2D, assuming transition at the

point where the roughness was applied in the experiment. Reynolds

numbers were matched for this study at Re = 6 x 106.
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Figure 7a. Lift Coefficient Comparison of ARC2D with Reference 38

NACA 0012 Section, Re = 6 x 106
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Figure 7b. Drag Polar Comparison of ARC2D with Data of Reference 38

NACA 0012 Section, Re = 6 x 106
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Figure 7c. Moment Coefficient Comparison of ARC2D with Data of

Reference 38

NACA 0012 Section, Re = 6 x 106

Figure 7 shows that ARC2D data compares well with experimental data

up to stall. Note: In Abbott and von Doenhoff3 8 , for "standard

roughness", drag and pitching moment coefficients are not presented

beyond a lift coefficient of approximately 0.8.

5.1.2 Iced NACA 0012

Following this study, a generic ice shape was attached to the leading

edge of the NACA 0012. This ice shape was developed by Bragg, et al. 19

and used in the studies by Potapczuk 27 . Freestream conditions for the
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development of this ice shape were a=4', T=18'F, V=130 mph. Ice

accretion time was 5 minutes. To accurately model this shape, a picture of

this shape from Potapczuk 2 7 was electronically scanned, then prominent

points were digitized producing the ice shape attached to the NACA 0012.

The combined "airfoil" (airfoil plus ice shape) is presented in Figure 8.

Note the similarity of the ice shape with the shapes in Figure 1.

Figure 8. Iced Shape on a NACA 0012

A grid was generated about this iced airfoil using the results of the

previous sensitivity studies and the same grid point arrangement of the

previous NACA 0012 study. (This is the same arrangement as

Potapczuk 2 7.) This grid is shown in Figure 9. (Every fourth grid point is

shown to improve clarity.)
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Figure 9. Grid About a NACA 0012 with an Iced Shape on the Leading

Edge

After matching the flow conditions of Bragg20 and Potapczuk27, an

angle of attack sweep was conducted. The results are compared with

Bragg20and Potapczuk 27 in Figure 10.
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Figure 10. Comparison of Present Study with Bragg20 and Potapczuk27
Iced NACA 0012 Section, Re = 1.5 x 106
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The modeling is good up to the onset of stall. At that point, both the

data of this research and Potapczuk 27 do not model the flow field well. To

achieve the lift coefficient at a=80 , Potapczuk 27 averaged "the pressure

coefficient at each location over several shedding periods."27 This is

similar to an experimental setup where only the steady pressures are

measured. (Due to the response times of the measuring equipment, the

experimental setup can not measure the unsteady pressures.)

Potapczuk 27 attributes this C1 discrepancy to the turbulence model and

suggests trying a different turbulence model to capture the physics of the

flow field. Potapczuk 17 states that the k-e and Johnson-King turbulence

models have been shown to have little effect.

5.1.3 Turbulence Modeling

The Baldwin-Lomax turbulence model is a two-layer algebraic

turbulence model, where V = g, + g•. The turbulent viscosity coefficient,

gI, is computed using two different formulae for inner and outer layers of

the boundary layer. The switch is made at the height above the surface

where the coefficients from the two regions match. The problem arises in

the computation of g, for the outer layer. The vorticity for the outer layer

is based on choosing a length scale, Yma., when the moment of vorticity,

F(y), is a maximum, Fmax. A more detailed discussion of the formulation

is given in References 32 and 41.

One problem with the current formulation of this turbulence model is

that two (or more) extremes for F can occur and the current search routine

picks the greatest. Figure 11 is a plot of vorticity magnitude(o) and

moment of vorticity, F(y), vs. y/c, a distance measured normal to the airfoil
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surface (in this case at the point of maximum thickness for the NACA

0012). (Fmax is depicted by the location of Ymax. See Figure 11.) The

value picked by the current search scheme is not always representative of

the physical situation. It might pick an F that is in the boundary sublayer

or one that is outside of the boundary layer (which it appears to have

picked here). In Figure 11, Fmax chosen by the current search routine is

outside the boundary layer. The length scale for the moment of vorticity is

too great. This does not properly model the physical situation by causing

"the details of the computed flow to be distorted or washed out".41 Thus,

as part of the present study, the current implementation of the

Baldwin-Lomax model has been found to not model the physical situation

well near stall. A modification to the search routine could improve the

results of Figure 10 near the stall.
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Figure 11. Vorticity and Moment of Vorticity vs. y/c Measured From the

Surface of an Iced NACA 0012 at t/Cmax

This study has applied the "modified" Baldwin-Lomax turbulence

model41 in ARC2D and found some improvement in the modeling of the

flow situation. In the modified Baldwin-Lomax model, numerous relative

maxima are allowed and the first maximum outside of the sublayer is

chosen. In Figure 12, the second of 6 maxima is chosen to compute the

eddy viscosity. (Fmax #3 through #6 are at a location, y/c, greater the

scale of this figure.) This data was taken near tlcmax on the upper surface

of the iced NACA 0012, the region where the trapped vortex has been

observed. Note the location is in the boundary layer and outside of the
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sublayer. The computed lift coefficient at a=8' is closer to the

experimental value. But (using PLOT3D, "a computer graphics program

designed to visualize the grids and solutions of Computational Fluid

Dynamics"42 ) there still appears to be a trapped vortex at approximately

t/Cmax.

600- -0- F(y) 0--. Vorticity

A Fmaxl ..0.09

500. -- Fmax2 -0.08

- Fmax3 -0.07
400- 4 Fmax4

o .0.06--U
6i- Fmax5

0•300 -0.05

200 E

-0.02
100

-0-01

0 0.005 0.01
y/c

Figure 12. Choice of Fmax in the Application of the Modified

Baldwin-Lomax Turbulence Model

Now the question can he asked: Is this vortex trapped or is the

numerical method looking at only one instant in time and only seeing the

vortex where it sits?
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To answer this question a study was conducted to make time

accurate calculations using ARC2D. (A Time Accurate Solution is one of

the solution options in ARC2D.) Zaman and Potapczuk 43 used this

method and found a prriodic nature to the flowfield. (See Figure 13.)
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Figure 13. Computed Lift Coefficient Variations with Time

(Copied from Reference 47)

In this study, Zaman and Potapczuk found a vortex being shed off the

upper horn and convected downstream along the upper surface. This

produced a periodic loading showing up in variations in the lift and

pitching moment coefficient. If one could take this periodic loading and
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use a time averaging scheme, the experimental data collection could be

simulated. (E.g., See Bragg20 .)

Along this vein, the current study tried to duplicate Zaman and

Potapczuk's results--hoping to generalize it for any airfoil near stall. The

grid for this study over the iced NACA 0012 airfoil is the same as has been

discussed previously. In the time accurate study, two modified versions of

the Baldwin-Lomax turbulence model were employed. In the first, if more

than one peak was present for F(y), the second peak was used (analogous

to the method of Reference 41). As Degani and Schiff41 have shown, the

use of the Baldwin-Lomax turbulence model with the second peak chosen

seems to more accurately model the physical situation and is the first

model used in the time accurate study. In the second version, the first

peak was used exclusively. Two time steps were also considered in this

study: At=0.001 and At=0.01. The first was chosen to match the time step

of Potapczuk44. The second was chosen because of the advantage of one

timestep using the second At equals ten timesteps with the first. (This

saves computing time.) Therefore, if similar lift values are found for the

same time interval, the second time step could be used to move the

solution away from the point when the airfoil is introduced in the

flowfield. The finer timestep could be used to resolve the unsteadiness in

the flowfield by using the restart option with this timestep.

Figure 14 is representative of computations of this study into the

unsteady nature of the lift coefficient using a timestep of At = 0.01.
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Figure 14. Example of Time Accurate Computations for Lift

Coefficient, At = 0.01, a = 80

For each timestep (iteration), the airfoil, with a coarse grid, was

introduced into the flowfield, then after 100 timesteps the airfoil, with a

fine grid, was introduced. As can be observed over the time interval

displayed, an unsteady character to the lift coefficient is evident, but a

periodic character is not. Notice that it took about 5 time units for any

unsteady phenomena to develop in the time histories. After the unsteady

phenomena developed, the data did not demonstrate any periodicity as

Zaman and Potapczuk had found. (In Zaman and Potapczuk's paper,

there were times when they found this periodicity and other times when
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they couldn't, depending on "the turbulence model in use as well as the

Reynolds number"43.) Because of the excessive computer time involved

(The timescale in Figure 14 represent 10,100 iterations. 10,100 iterations,

no matter what the timestep, take about 14 hrs. on the IBM 320

RISC/6000 workstation. If ran on the VAX 9000, the University of

Kansas' mainframe, these same calculations would take about 7 hrs. if one

could get 100% of the CPU time.) and the lack of limited indications of

reaching an unsteady solution that was pertinent to this study, the

timestep with At = 0.001 was soon dropped. All further unsteady

investigations were made with At = 0.01.

Using the previously determined timestep, a time averaging scheme

was employed. In the time averaging scheme, the cl for each time step is

added to all of the previous and averages over the number of time steps.

This scheme gives a "running average" of the coefficients. Figure 15 is an

example of data from this study for a = 80.
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Figure 15. Lift Coefficient For An Iced NACA 0012 at a = 80, Time

Accurate and Running Average Shown

Figure 15 shows both the time accurate results and the running

average results. Note how the running average damps out the unsteady

nature of the time accurate computations, acting just like a pressure

sensing port on an airfoil model in the wind tunnel. The angle of attack

presented is near stall and the unsteady nature of the flowfield is expected

from the previous discussion, but what happens at a lower angle of attack,

say a = 40?

Figure 16 is also a time accurate plot of lift coefficient, except a = 4'.

Note that there still is an unsteady nature to the time accurate

computations, but the running average cl matches the cl which was
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computed using steady state methods in Figure 9. Thus, this "running

average" scheme seems to affect the lift coefficient in the regime where the

flow is truly unsteady, but has little effect on the lift coefficient where

there is not massive separation.
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2- Time Accurate

-= Running Average
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Figure 16. Lift Coefficient For An Iced NACA 0012 at a = 40, Time

Accurate and Running Average Shown

If one is only after the global results, this technique shows promise.

Unfortunately, this technique did not work as well at a = 80, as Figures

17a-c demonstrate. These figures are the best estimate from this study for

the lift and moment curves and drag polar for the iced NACA 0012. Thus

further research is necessary in this area of viscous flow calculations and

will be addressed in the recommendations.
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Figure 17a. Lift Coefficient for an Iced NACA 0012 Airfoil Using Time

Averaging of Time Accurate Computations

55



0.16

0.14-

0.12-

S0.1-
.)

0.08-
0

0.06-

0.04- 0 Experimental

--0- Numerical

--A- Present Study

0
0 1 2 3 4 5 6 7 8 9 10

Angle of Attack, alpha (degrees)

Figure 17b. Drag Polar for an Iced NACA 0012 Airfoil Using Time

Averaging of Time Accurate Computations
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Figure 17c. Moment Coefficient for an Iced NACA 0012 Airfoil Using

Time Averaging of Time Accurate Computations

5.2 Modified PMARC Results

This section deals with the results for the modifications to PMARC

which include viscous effects. This section will be broken into three parts:

wing alone results, wing-body results and wing-body-tail results.

5.2.1 Wing Alone

As outlined in Section 4.3, PMARC was modified to adjust the

spanloading for the effects of viscosity. The first test of this method was a
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rectangular wing with a NACA 0012 airfoil section and an AR = 5. Figure

18 shows the paneling arrangement for this wing.

Figure 18. Panel Arrangement for A Rectangular Wing,

AR = 5, NACA 0012 Section

In laying out the panels for this study, two sensitivity analyses were

conducted. In the first, lift and moment coefficient sensitivity to spanwise

panel number variation was investigated. 30 panels were used in the

chordwise direction. Figure 19 Ehows the results of this study. With the

number of chordwise panels chosen there seems to be a slight decrease in

lift coefficient and a slight increase in moment coefficient until

approximately 20 panels were used in the spanwise direction.
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Figure 19. Sensitivity Study for Spanwise Panel Variations

a=51, AR=5, 30 Panels Used Chordwise

The next sensitivity study involved the variation in the number of

panels chordwise. The spanwise distribution was set at 20 panels with a

"half-cosine" distribution. This distribution involves more coarse spacing

at the wingroot and denser spacing at the wingtip using a cosine

distribution. Figure 20 shows the results of this study. The x-axis

displays the total number of panels in the chordwise direction. The panels

were spaced using a "full cosine" spacing where paneling is more dense

near the leading and trailing edges and coarser at midchord. Notice that

the curve for lift coefficient "levels off" between 30 and 40 panels. The
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pitching moment does not appear to reach a constant value until about 80

panels. In an attempt to maintain a reasonable amount of computing

time, the lower value was used for further computations.
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a = 50, AR = 5, 20 Panels Used Spanwise

Therefore, in summary: 20 panels are used in the spanwise direction

with a half-cosine spacing, 30 panels are used in the chordwise direction

using full cosine spacing. For the wing alone, there are 600 panels.

The planform and airfoil section, previously described, were chosen

because this is the experimental setup of Bragg and Khodadoust 4 7 . In

their experiment, Bragg and Khodadoust measured the lift coefficient for
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the rectangular wing in the Ohio State University wind tunnel at a

Re = 1.5 x 106. The experiment involved an angle of attack sweep for a

clean wing, i.e. one without an "iced" leading edge, and for a wing with a

simulated iced leading edge. The ice shape was taken from tests in the

NASA Lewis IRT and is the same shape used in two-dimensional tests of

Bragg20 . Thus, a comparison can be made to both a "clean" wing and an

"iced" wing. Figure 21, copied from Reference 45, shows their results.

Drag or pitching moment coefficient data is not provided in this report.

0.800 ,NAA 0012
0.W -0 Re ,, I.$ X 106 ,

0.400

0.200

U 0.000,

-0.200.- 0 o3-D NO ICE

-0.400- 3-0 GLAZE ICE

-0.600-

-1•.000 -' , . , . -, . : , .- • . , I .
-16-,,-12-10-- -4 -2 0 2 4 6 a 1o 12 14 tS

owing (deg)

Figure 21. Lift Curve for a Clean Rectangular Wing, AR=5, NACA

0012 Section and with Iced Leading Edge

(Copied from Reference 45)

Initially, an angle of attack sweep was made for the "clean"

rectangular wing with viscous corrections. Wake from the wing was

allowed to trail parallel to the x-axis. The initial 2-D viscous data used to

modify the inviscid solution came from Reference 38. This data provided a
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Figure 22. Spanwise Variation of Effective Angle of Attack

Rectangular Wing, a = 140, AR = 5

Note at the inboard stations cae is greater than,

Fortunately, the 0012 section is a popular section for study, and Reference

46 provides lift, drag and pitching moment coefficient data for the range

0*<a<180°. But this type of "savior" might not always be available, and

this problem must be considered when the 2-D data is acquired.

Figure 23 shows a comparison between the experimental lift curve

and the computed lift curve of this study with and without viscous effects.

PMARC, without viscous effects, greatly overpredicts the lift developed by

the rectangular wing. The modifications of this study provide a very good

match to the experimental data. Note the accurate estimate of astall.
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Figure 23. Comparison of Experimental Data for The Clean Rectangular

Wing, AR=5, with Values for This Study

(Experimental Data From Reference 45)

As a second example of the capability of this method, the previous

calculations were reaccomplished using a 2-d dataset for the iced airfoil

from Reference 20. Figure 24 shows the results of these calculations.

Again, PMARC with the viscous corrections of the current study does a

very good job of matching the experimental data. Note that the stall angle

of attack is not matched as closely. This can be attributed to the 2-D data

which does not include many points past astall . (See Figure 9, to see how
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far past stall data is available.) But even with this limited range of 2-D

data, the lift curve does show a non-linearity approaching and after Oistall.

This shows the tendency to provide useful data in the non-linear regime of

the lift curve.
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Figure 24. Comparison of Iced Rectangular Wing, AR = 5, with

Experimental Data of Reference 45
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5.2.2 Wing-Body Results

The next step in the natural progression of this study is to include a

fuselage with a wing and make comparisons to experimental data, which

will be accomplished in this section.

Figure 25 shows the experimental arrangement for the wing-body

configuration. Data computed for this configuration will be compared to

experimental results of Reference 47. This model is a generic wing-body

configuration with a rectangular wing of a NACA 4412 section, AR = 8.

All tests in Reference 47 were conducted at a Re (based on wing chord) of

0.3 x 106. Lift, drag and pitching moment data are provided in the report.

Pitching moment is referenced to the half-chord station of the wing.

CONFIGURtATION

FUSLAGE * lFW)

I ]

Figure 25. Two-views of Wing-Body Experimental Model

(Copied from Reference 47)
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Figure 26 shows the paneling arrangement used in the numerical

study of this model. There are 600 panels on the wing and 848 panels for

the complete model.

Figure 26. Paneling Layout For The Wing-Body Model

By introducing this new model, two complications are added to the

problem. First, there is a new airfoil at a fairly low Reynolds number.

Second, the viscous drag of the body is not accounted for.

The first complication is fairly easily satisfied by the airfoil data of

Reference 45 which contains wind tunnel data for the NACA 4412 section

at a Reynolds number of 0.7 x 106. Unfortunately, the drag and moment

coefficients are in standard NACA format, that is they are not presented

beyond astall. This could provide problems near the astall(3d). The
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pitching moment data is referenced to the quarter chord of the airfoil

section.

The second complication will have to be examined through the

calculations. PMARC can model the flowfield changes caused by the body

ahead of and behind the wing, but no account is taken for any viscous

correction for a non-lifting surface in this method.

An angle of attack sweep was made using the wing-body model.

Figure 27a-c presents the results of this sweep for lift, drag and pitching

moment.
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Figure 27a. Lift Curve for Wing-Body Configuration

Experimental Data From Reference 49.

In Figure 27a, as has been the trend from the previous comparisons,

PMARC tends to over predict the lift coefficient. The viscous data tends to

slightly under predict the experimental results until a approaches astall .

In this region, the viscous data passes through the experimental data, but

there is not much of a change in slope, as has been the trend, around

astall. This can be attributed to the 2-D data, as there is not much data

presented past astall. This same effect showed up in the comparison to the

iced wing data.
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Figure 27b. Drag Polar for Wing-Body Configuration

Experimental Data From Reference 49.

PMARC, for the data of the Present Study in Figure 27b, tends to

underpredict the experimental results. Some of this can be attributed to

not modeling the viscous drag of the body. But that increment in drag

probably would not make up all of the difference. No further explanation

is available at this time and will require further investigation.
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Figure 27c. Moment Curve for Wing-Body Configuration

Experimental Data From Reference 49.

Pitching moment coefficient, in Figure 27c, makes an excellent match

of the experimental data. PMARC tended to underpredict the

experimental data. This could be expected because the moment caused by

the aft portion of the body tends not to model the blunt aft end of the

model very well.
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5.2.3 Wing-Body-Horizontal Tail Results

The final step in the natural progression of this study is to add a

horizontal tail to the wing-body model analyzed in the previous section.

This analysis will be accomplished in this section for the full configuration

with a "clean" tail and with an "iced" tail. A study showing the sensitivity

of wing wake position in relation to the tail will also be presented.

Figure 27 shows the experimental arrangement for the

wing-body-low tail configuration. Data computed for this configuration

will be compared to the experimental results of Reference 47. The wing

and body were described in the previous section. The tail is a rectangular

wing of a NACA 0012 section of AR=4.4 mounted on the centerline of the

model. Lift, drag and pitching moment data are provided in the report.

Pitching moment coefficient is referenced to the half-chord station of the

wing.

CONFIGURATiOPO

FUSELA GE. WING• I , ).TAIL IFWHI

is

Figure 28. Two-views Of The Wing-Body-Tail Experimental Model

(Copied from Ref. 47)
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Figure 29 shows the paneling arrangement used in the numerical

study of this model. There are 600 panels on the wing, 200 on the tail and

1128 total panels for the complete model.

Figure 29. Paneling Layout For the Wing-Body-Low Tail Model

By introducing the coplanar horizontal tail to the model of the

previous section, a large complication was added to the problem.

Including the coplanar (in the same plane as the wing) horizontal tail adds

the problem of "How do you properly model the placement of the wake off

the main wing because of the tail location?"

This is a problem because all previous analyses assumed that the

wake was parallel to the x-axis. Using this assumption, the wake would

cut right through the interior of the horizontal tail. Due to the

singularities in the wing wake being on the "wrong" (inside) of the
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singularities on the tail, computational problems arise. In the

development of PMARC (and VSAERO), the internal flow is assumed to be

equal to the onset flow when the singularity model is chosen. 34 By

putting the wing wake inside of the tail, we are violating this singularity

model.

Further research included a discussion with D. Ashby4 9 , in which he

suggested "possibly stitching" the wake to the body under (or over) the tail

and adding a short aft cone to the model to bring the wake to the

centerline. This was attempted and met with limited to no success.

Sectional lift coefficients on the inboard most panel column of the tail

were unreasonably high (on the order of 10 or greater) and thus pitching

moments were unrealistic. Further attempts at modifying the wake or

letting the wake deform met with no success. PMARC does not account

for the special case,3 4 when the wake is in the plane of the surface panel.

So a major modification to PMARC was developed.

This modification involved changing the way the inboardmost wake

panel of a lifting surface is handled. The wake is modeled by doublets and

the effect of a wake doublet on a surface panel is accounted for through a

surface integration The integration considers the effect of a semi-infinite

doublet placed on each of the four sides of a wake panel. Due to the way

the singularities are placed, PMARC thought the inboard most wake was

similar to the wake column at the wingtip, i.e., like a strong tip vortex.

The vortex effect is developed because the effect of a surface panel with a

doublet is equal to a vortex ring of the same strength as the doublet.3 1 To
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modify PMARC, the value of the integration for the effect of the

inboardmost wake column on a surface panel is scaled by the ratio of

Wake panel perimeter - length of inmost panel edge

wake panel perimeter

Using this ratio, is the same as eliminating the inboardmost side of a

vortex ring. The effects of the other three sides are canceled by vortices of

equal and opposite strength that overlay in the wake mesh. Thus, as is

physically realistic, we have removed the vortex along the body and we

retain the tip vortex.

The problem of wake placement is mollified, but still not completely

removed as the following sensitivity study shows. Figures 30a&b show

the results of the sensitivity study for 3 different wake deflections: +10

(which places the wake just above the tail), -1' (which places the wake just

below the tail) and +30 (for symmetry about the +1° data point).
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Figure 30a. Wake Position Sensitivity on Lift Coefficient,

Wing-Body-Low Tail Configuration

(Experimental data is from Reference 47)
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Figure 30b. Wake Position Sensitivity on Pitching Moment Coefficient,

Wing-Body-Low Tail Configuration

(Experimental data is from Reference 49)

As Figures 30a & b demonstrate, the assumed position of the wake

has a strong effect on the pitching moment. Putting the wake under the

tail, causes large negative lift on the tail and a strong pitchup (positive)

moment. Putting the wake relatively high above the tail causes a large

pitchdown moment. Putting the wake as close as is possible to the x-axis

appears to be the best solution. Because of the coplanar tail, the
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+1-deflection is a good compromise. This is the assumed wake deflection

throughout the rest of this study. Note that the wake position has little

effect on the global lift coefficient at lower angles of attack, but the

location of the wake relative to the tail has a large effect at higher angles

of attack.

Using the results of this sensitivity study, the full configuration can

be analyzed. Figures 31a-c show plots of the longitudinal force and

moment coefficients for the full configuration with a low tail.
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Figure 31a. Lift Curves for Wing-Body-Low Tail Configuration

(Experimental Data From Reference 47)
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In Figure 31a, one can see that the viscous modifications to PMARC

do an excellent job of matching the experimental lift coefficient.

Remember, viscous corrections are made to each lifting surface, but not to

the body. The drag coefficient again is underpredicted, in Figure 31b, but

is an improvement over the inviscid solution. The pitching moment of

Figure 31c follows the same trend as the experimental data, but is
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displaced in a more stable direction. This can partly be attributed to the

wake deflection problem.

Using this same configuration, one can now consider that the tail has

accumulated ice along the leading edge. To model this, the leading edge of

the main wing doesn't need to have accumulated any ice as Reference 46

has stated. Furthermore, as Reference 50 stated, "The horizontal tail will

accumulate ice up to four times as fast as the main wing due to the

usually smaller cross-sectional area and smaller radius of curvature than

the main wing." Thus, this study will model this situation with ice only on

the tail.

To model this new situation all that has to be changed is the 2-D data

input set for the tail, i.e. replace the viscous 2-D clean airfoil data with

viscous 2-D ied airfoil data (obtained either experimentally or

analytically). Figures 32a-c show the results of this analysis.
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(Experimental data is from Reference 47)

Figure 32a shows there is very little change in the lift coefficient with

ice on the tail. (Compare this to Figure 3 at a < 5'.) Notice at a = 100, CL

for the iced configuration is less than for the clean configuration. This

shows that some portions of the iced tail are approaching astall. (Figure 3

shows a large difference between cl for the clean airfoil vs. the iced airfoil

at asta]] for the iced airfoil.) The drag coefficient is seen to increase as is
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expected. Figure 31c shows that the biggest change with ice included is in

the pitching moment. Though the values of the pitching moment don't

match the experimental values, the trends are important. Initially, at low

lift coefficients, the ice has little effect. As the lift coefficient increases,

one sees a slight reduction in the stability. Then, as discussed in

Reference 10, one sees a prediction of a dramatically unstable pitch break.

(It would be dramatic from the pilot's point of view.)

Physically, what is happening to cause this unstable pitch break?

Looking at Figure 3, one can see that there is little difference in lift

coefficients at lower angles of attack. But as the angle of attack is

increased, this difference is increasing rapidly. Because the horizontal

tail provides a small portion of the total lift coefficient, one would not

expect to see a big change in total lift coefficient as angle of attack

increases. This is what Figure 32a shows. Now think about the total

pitching moment. This change in sectional lift coefficient with change in

angle of attack will have a large effect as the angle of attack increases.

And at some angle of attack, the lift on the tail will start to decrease as

parts of the tail stall with increasing angle of attack. This causes the

pitch break that is demonstrated in Figure 32c. (This explanation shows

why the "similar attempts" didn't work. You can not just apply the 2-D

values on the model. You need the full 3-D effect, which is included by

matching the local circulation.)

One final study will examine the effects of moving tail out of the

downwash of the wing. As a secondary effect, the wing wake placement is

no longer interfering with the tail. Though the wake could parallel the x-
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axis, it will be modeled with the same deflection as the previous study to

eliminate this variable from analysis of the results. In this study, the tail

is moved 1.7E above the previous tail location. Figure 33 shows the

paneled model for this study.

Figure 33. Paneling Layout for Wing-Body-T-tail Configuration

Figures 34a-c show the results for a wing-body-t-tail (wbt-t)

configuration with a clean tail and with an iced tail.
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Figure 34a. Lift Curve For The WBT-T Configuration

Figure 34a follows the trend of the previous study: there is very little

if any difference in lift coefficient between the clean configuration and the

iced configuration. This is due to two factors:

(1) the size difference between the two lifting surfaces, i.e. the tail

provides a much smaller portion of the lift;

(2) the spanloading of the tail for the iced configuration. Not all

of the tail is in a regime where the lift has started to reduce with

increasing a, thus the overall lift does not change much.
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Figure 34b. Drag Polar For The WBT-T Configuration

Figure 34b shows the drag polar for the clean and iced t-tail

configuration. This figure follows the expected trend of an increase in

drag coefficient for the iced configuration over the clean configuration.
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Figure 34c. Pitching Moment Curve For The WBT-T Configuration

Figure 34c shows the pitching moment coefficient for the wbt-t

configuration. This plot shows a very interesting development--the

pitching moment starts out to be positive as would be expected from the

experimental study with a low tail configuration. As the lift coefficient

increases to about 0.7, the stability increases for both conditions. Then,

while the clean configuration becomes more stable, the pitch stability

decreases for iced configuration. This change in stability condition for the

iced configuration can be explained by two factors with reference to Figure

3. The first deals with the reduction in lift for an iced airfoil. Remember,
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as the angle of attack increases, the lift coefficient for the iced airfoil doesnot increase as quickly as for the clean airfoil. To put it another way,ct,,. The second factor involves the effect of ice on airfoilPitching Inoment. (Again, refer to Figure 3.) For the iced airfoil, we see a
large decrease in Pitching moment with increasing c, above c, - 0.4. Thispitching moment trend provides a moderating factor for the decreasing c,at higher a's. These two factors explain the change to neutral stability inFigure 34c for the iced configuration above C = 0.8 compared to the

unstable response of Figure 32c.
Figure 35 shows the capability of combining the results of 2-Dcalculations with 3-D calculations to understand the complicated flowphenomena involved without having to solve for the total flow field.

W-2 = 0 078

F roi Fie d C

A R C 2 , x = 1 0 0 , ( T o t l P r s s u r C o n o u r s

- 0.920

0.7100

Figure 35. Combining Flow Field Calculations Of Modified PMARC and
ARC2D), cc=10o, (Total Pressure Contours)
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Figure 35 shows the power of this method. One of the values used to

modify the circulation on the tail is the effective angle of attack, ae.

Combining the spanwise variation in ae with the 2-D calculations about

the viscous airfoil, one can get a feel for what is happening spanwise

across the tail with simulated ice. For example, from Figure 35 one can

see as the effective angle of attack increases, the vortex above the wing

grows. (Compare the PLOT3D 42 total pressure contours at the inboard

and outboard stations.) From experimental studies 20, it has been shown

that this vortex is shed periodically. Thus the inboard portion of the tail

would demonstrate an unsteady nature. Notice also how little the flow

field at the outboard station of the tail is affected by this vortex,. This

picture helps to explain the small difference in lift coefficients between

clean and iced configurations at the lower geometrice angles of attack.
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Chapter 6

Conclusions and Recommendations

This chapter lists conclusions from the present study along with

recommendations for future work.

6.1 Conclusions

A new method has been developed to quickly analyze a full aircraft

configuration taking into account viscous effects. Experimental sectional

data or precomputed viscous 2-D calculations, from a code like ARC2D,

were used as input to the modified panel code PMARC. PMARC has been

modified to find an iterated solution which matches the local circulation.

From this matching condition CL,, CD and CM for the complete

configuration were calculated that include viscous effects for lifting

surfaces.

Using this modified version of PMARC and appropriate 2-d viscous

sectional data, it has been shown that:

(1) The lift curve slope has been accurately calculated for a wing

alone. If 2-D sectional data were available for a high enough angle of

attack, astall could be accurately calculated.

(2) The lift and pitching moment curves for a wing-body

configuration have been accurately calculated. There was some

discrepancy in the drag polar. Part of this discrepancy could be

accounted for because viscous effects for the body were not included.

(3) The lift curve for two wing-body-tail configurations have been

accurately calculated within the constraints of the 2-D data available.

Drag polar and pitching moment curves exhibit the proper trends, but
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did not match the experimental data as well. The pitching moment

data did predict the reduction in stability due to icing effects on the

tail.

6.2 Recommendations

The viscous analysis of flow over an airfoil past stall does not model

the physical situation very well. Indications were that the turbulence

model used in ARC2D does not properly model the physics. Further

investigation into a proper way to model the effect of turbulence with a

simple, efficient model would improve the capability of ARC2D and

greatly improve the capability of the method of the present study.

Because Reynolds number has a great effect on the 2-D flowfield

about an airfoil near stall, Reynolds number effects need to be included in

this modification to PMARC to make it more widely applicable.

Further investigation into the modeling of the wake shed by the

lifting surfaces would ease the use of PMARC. Currently the position of

the wake has a great effect on the results when the wake is near a lifting

surface and yet with certain configurations this situation can not be

avoided. Especially in the coplanar tail model studies, the wake position

had a large effect on pitching moment coefficient. Thus a better way to

model the wake is necessary to correct the magnitude of the pitching

moment coefficient.

One area that has not been considered but is a natural outshoot of

this research is the effect of icing on the elevator hinge moment. Ice on

the tail causes the flow field over the elevator to be distorted. Due to this
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distorted flow field, hinge moments can change. These changes affect the

pilot's recovery capability with an iced tail. Being able to predict the

hinge moments would facilitate control system design and recovery

techniques with an iced tail.
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Appendix A.

Makefile For Modified PMARC

This rnakefile con-tains 5listing -of all of the subroutines
necessary to compile the Modfied PLA.RC of thi.1s study. All
of the subroutines 'liste~d except RESTPXA.RC.f and SU=RF-N-F. Z

have been modified or created to implement the changes of
tisstudy. All1 o-: cnse moldifi'e4 or creat-ed subrcutýnes

are included in the fc -Owing appendices for complete
doc~umentation of this wcrk.

n:pma ~r~r:: dp.r,-rCr.z aa-C,ý-. C :eS4Ea: C SE-r- Z ,C
výcat~ etE.o waKr,.fc r.AE.C lautpot.0.

dpzarc. c; dpinarc. f
xlf -qi4pc -C -c dpmarc.f

aercdata:. aercdat.f
x~f -adpc -C. -c aerodat~

res--pn.rc .0) restprnarc.f
XI! -qJp -C -C rescpmar--.

search.c.: search.f
x~f -qdpc -0 -c search..!

vwscda~a.c, viscdaca.!
xf-qdpc -0 -c viscd:a-a.

x'. -gdpc -C -: jers.f
waiflc wakin!.f

x~f -qpc -1 -c wak-ýnl~
r.s .c: rhs. ±

xlf -qdpc -C -C 12's.f
6i-bpot-c : idubpot -f

x,, -qd-pc -0 -c idubpot.±

X 'f -q4PC -0 -C SU-rf..rt.

x~f -odpc -C -c length. f
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Appendix B.

Main Program DPMARCSf

------- ------------------------------ -----------------------------------

C M.ASTER VERS:ON NUMABER: le~ease Ver:Scn :.--.3:,~ c;

C PURPOSE: KACN : -PvE FP PACPC

C CL ED Y: NONE

C X7ERN'' F~~ENrF.ýCES: 3PENF1 O .. PE S7,NSLSSRNTW-NT

WAX PAN,.WlAYCNF L'.:'EF.WJ ENEUJV.N, ýF OD~AT,

CECRONET VAX/VMS FORTRAN, CRAY CFT-- OFOTRAN,

MACC,^NTOSH D0CM V;ACTF.AN PLUS .

C AUT-HOR: Dale Ashby,- . idC. 4~

MS -247-2, NASA Ames Fesearzh Cene: Mcft Fil-CA.4~

C DEVE-LOPMENT NC 'STORY'

- DATE= CNC:TCALS rvESCP-.PTN

6:C LA CHAN:;E-- S:ONE LCG S:C'":. CNWCC !OMPARED

A VARCABLE' TO C. C. :N F STATEKENTS SC -HAT 7HE

C ~VARCABIE rCp CT'S A2SOLUTE VALUE7_ WAS COMPARED

TOEPS .3ý Ot0C:.61h:S WAS DONE SE'VERAL PLACES

C 'r, COPRRECT ThEC S.C .. ::EMS ON 7ThE MAT.

C

C

C NUMBSER OF SURFACE PANELSALWE

PARAM.ETEF 'N'SPDM 400"',

C NUMBSER OF N'EUMANN PAESA:LLOWED

-,R.AYE7ER ýNNPDCM = so
C
C NUMBER OF PATCHES ALLOWED
C

PARAKETEF ýNPD:M

C7 NUBRO AS:C PCOONTS ALA3? ~ E:r:): ZZ~.. _:.

C LCNUMB-ER OF SECTCONS AL,:ay.r- -S;P!:

C LCNUMSER OF ROWS OP CLMS-2AOWDON' A PATCS

C AU70O:N: :0C NOT SET THCSPRNTE 0LS 7-iAN ~c

PARAMETERF NBPECM - 00)

C NUMBER OF WAKXE PANEELS ALLOWED

C
PARAMETER (NWPZDM s 2 500)

C NUMBýER OF WAKE COLUM.NS ALL:OWED ON EACH WArE

C
PARAMETER (NWCDM - 50)

C NUSROF WAKES ALLOWED

C
PARAMETER (NWDCM - SC)

C NUMBER OF SCAN4 VOLUMES OF EACH TYPEAr..Az.

C
rARAMETEP (NSV-Dfl - 10)

NUBRCF PCNSPER OFF-BODZY SCE7AMLO.!.z t.-..*E,
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FARAMETER (NFLP:'"' =000,

C NUMBER OF GROUPS O-F iANEELS ON ZN~ ONZEFIO NCRM"JL

PARAMETER (N%'ELZrM =200)

C UZM-RER, OF :,NZ3 AT A TIME TO BEE REA: :"' FOR 71HE :N=1UEN:E CO3F- MA.TP:Y.

I N THE: SOLVEP ROUTN2 EBUFFERED IPU FROM THE SCFA --' 7
T:ON :DO N-2T SET LARGER THýAN ZNE UN SS YOU ARE SUFrE YOU h.

CENOUGH MEMORY TDO HANZLE BUFFERED ::Np*UT.
C

PA,.RAMETR W.TBUF
C
C NUMBER OF WAKE- CORNEER POINTSALOE

F-,.RAY.ETER (NWCFL:M=(NWPD:M - 1'Z

C N1UMBE-R OF SURFACE CORNER POINTS ALOWV;ED,
C

PARAME-TE-R (NSCPD:M=(NSPDIM -1, '2)

C
C NUMBER OF EDGE PANELS ALLOWEr, ON A PATCH

PARAMETER (NEPDIM - NBPDIM ' 4
C
c tnn number of viscous data points to "ve read in 3i26/93
c

parameter (nvpts . 30)
ct-nn. RLXFAC added 2/5/93

COMMON! CONST / Fil EPS, FO'URPI, CBAR,
*SSPAN, SF=EF, RMPX, RMPY, RMFZ.

MAXIT. SOLRES, RLXFAC,
*ROORS. RF F

COMMON! INTERNAL / NCZONE.,NCZ-PAN, CZD'UB,VRER

ctng. added to iterate a solution with viscous data !/:5192
ctnir. updated to' include sectiýon drag data 2,/02/192
ctnm updated to include section moment and l.ast pass inlfo 3/19/93
c~nc. updated to include section lift data 3123/93

common,' iterate/CCLNPINBDM OLDNPMPI)
COLCMS(NPZ:M.NBPX:M),TC-STCDS,: cms,

da'ph&(npdicr,nbpdi -m)cdldpt~npdimr,nbpd*'im,,
Cmldpt )npdim,nrpdim lst cd~p-:npdi-.r,nbpd.Jrr,)

COMMON! TSTEP /NTSTPS, i TSTEP
COMMON/ NZW~NAB /EA SZM KIENPI~,ENBSDM

NEWSID (NSPDMV,NBCHG:E
COMMON/ PNABOR INABOR(4,NSPDIM),NRýBSIWý4,NSPDI:M;
CODMMON! SUM N NPAN I N-- - ..... NIN14,,KS IN:3M, PINAS SEX

OMO!CNSET ALPNA,AZDEG,YAW,YAW-EO;,
BETA, WIND ý3, 1! PHI DOT. 7BED:OT, rSDD
COMPOP, SYM,GPR,V:NF,VSOUND

COMMON! PATNAM /PNAME(E. NPD:M)
COMMON/ PATCHES 1DIENT(NPD:M, , 7AN (NPDIM), KLAýSSNPI,

NOMP(Np:IM:. -FAN(NPLIMj, NCO:. PLIM).
NPANS(NPDIM:, NROW(NPDIM)

COMMON! PRINT LSTINP, L FT"" L' LS'TNAB, LýSflWAX
LSTFRQ, L-STC-V ,LST7HLZ, L-STET

COMMON! VELSET /NOCIF(NVE-LD'IM;,NOCZ(NVEtLD)IM) .NORF(NVELZ:-M).

VNORM(NVEL" :M) .NVSJE-T1N(NPD'IM)

COMON3N RUNCNTRL/ LENRUN
COMMON! SOLUTION / SIG(NSPD:M;. DUTB(NSPDIM), PDUE:BNSPD:M),

* WDUBJ4POIMý, VX(NSP:*IM). VY(NSPDIM),

VZ(NSPDIM), V):P(NNPDIMl, %YRcHNPZDIM),

VIP )NNPD:M( ,IAG'NFPZIMj,
RHSV(NSPZ)IM? VNORYAL(NSPrDIM;, CPDUB(NSCPIýM,

COMMON/ SPANEL / XC^(NSPDIM), YC-ýNSPDIM), ZCNSPD,:M,,
+ ~~PCS(3,3,NSPD)M,. AREAMNSPDIM,. PFF(NSPDIW,

CPSX(NSCPDIM), CPSY(!NSCPDIM)' -PSZ(NSCPD:M''
ICPS(NP:!M), KPTYP(NSP:OIM) ,SMFP:NSPOIM),
SMQ (NSPDIM)

COMMON! SCRFILES /JSFIL(4)
COMMON! ý; IJTs UN:ITs
CO.MMON/ UNSTOY .' MEGAý',1: .F~, : TS7FF
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c VISC%:-,OUS added Itor i teration, wit z~~t data 1 "9'92%
c-:nnr c~mernsaons ti-creased to nvpLS '9:

COMMON/' VISC-OUS / rwIscs. ;OENTV NF::V, , VP.PPP,IJCZ

NPVKAX (1OVALP2D0C, nvpts;,,CL2D: C ns;,

CDZD (IC ,rnvroa ,CmZ'D(: C Avs,AFzRZ Z
rhsinc (NSPC IM

CMO!WAIINtY:, WNAMýE(6, NWL,:M

COMMON! WAKES /1 NWCOL (NNDIM:, NZWEZ,V NW: M , :WPAN:NW:A:M

L@WPAN(NWDI0 1M), :zENTW:NWt;D: M ý
NCWPL'(NWCDIM,NWX-)M;, KWPL:NWCL::M,NW:X:m

PNI(NWZIMNWOM:.PH2AN1wCD~MJNWD:M

:FLEXN NWD;IM;
COMMON! WPANErL / XCWiýNWPDITM,ý YCWINW-4PDI), ZC(NWvPDmM;

PCSW(3,3,NWPZXMý, AREAW(NWPDIM),
PFFW(NWPLjIMj ,

CPWX(NWCPDIM) , ^PWYflNWCPDIM), CPWI(NWCPX)M),
ICPW(NWDIM)

dimension dubic(nspdi4m,matbufý
LOGCAL SYMIAGPP

C

C

CNAkRACTEP -15 uNITS
CHARACTER14 PNAME
CHAP.ACTER*4 WNAME
CALL OPENF

C Rewind all, scratcb files from 17 to 20 and assign unit nun/ora
C
ctnr. added 1129/93 for wakinfi1 routine, turns of.f viscous output,

ivprn t =

DO 1 L=2?7,20
REWIND L
CSFIL:L-16) L

C
C READ CN BASIC DATA AND GEOMETRY INPUT
c

CALL JOBDATA
CALL SURF'IEN
IF:LENPU7N.ETQ.1)GO TC 50

C

CALL-: SURPAN
CALL NABOPS
-r 'ILPNRLMEQ.'GO TO 50

C FORM SURFACE PANEL INFLUENCE CO-FFICIE-NTS
C

! LENPUN.NE.2,CALL SURFINF

CREA: IN WAKE INPUT INFORMAUTION AND FORM WAKE STARTING PARAMETEERS
C

CALL WAKINIT
!IFLENPUN.EQ.3)TflEN

CALL WAKPAN
GO IT 50

ENDIF
C
C START THE ThME STEP LOOP

DO 10 ITSTEP=1,N'TSTPS
WRITEi16. 61)ITSTEP
TE7:nE -ITSTEP ' DTS-EP

C
C SET PRINT CONTROL HOLD FOR THIS TIMHE STEP
C

IFITSTEP.EQ.1 .AND,.LSTFRQ.NE.C) THEN
LSTHLD -0
GOItl 210
7 I: F

-. ITSTEP.EQ.NTSTPST7HEN

L 
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=S TSTEP
"C> ONTIN ,JE

=TST = TEST L- LSFRQ
FITET.O.C~G It20

LSTHLD C

LSTNLD I
ENDIF
aN O:NTINUE

-ALL.PA, (TSTCNE-ý
CALL WAYPAN

C FORM 7HE RIGNT HAND- SIDE VECTOR

CALL WAKINF-L

C SOLVE THE MATRIX EQUATION FOR T1HE UNKNOWN DOUBLET STRENGTHS
C

CALL SOLVER

C DISTRIBUTE "THEE PROPER DOUBLET STRE-NGTH-S ON THE WAKE PANELS
C

CALL WARDUB
C
C COMPUTE THJE SURFACE VELOCITIE-S, PRESSURE COEFFICIENTS, AND MA1CNi NLhSER
C AT THE PANEL CENTROIDS AND CORNEER POINTS, AND FORCE AND MOMENT COEFIF:CIENTS
C

CALL NEUMANN
CALL AERODAT

ctnr.r, if a viscous case, do the following

:f (IVISCS.ec.lýther.
-vpr-nt0=

call viscdazs
ivprn = 0

endif

CALL CORNER PT

C STEP THE WAKE
C

CFf1 TSTEP.NE.NTSTPS; THEN
CALL WAYSTEP

END IF

C COMPUT SURFACE STREAMLýINES AND BOUlNDAPY LAýYER CALCUL,:ATIONS IF REQU7ESTEDZ
C
C CALL STLINE

C PERFORM OFFBDDY VELOCIY SCAN AND STREAMLINEZ CALCULA'TIONS

CALL VSCAN
CALL STRMLIN

SO CONTINUEZ

ctnm close added to close all units (oat-s rid of scratch files) 1/8193

do 51 iun.it=12,20
close (junit)

S1 continue
STOP

61 FORMAT(//lH1, 'TIME STEP-,14)
END
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Appendix C.

Subroutine AERODAT.f

"* DECK AERODAT
SUBROUTINE AEPODAT

C PURPOSE: EVALUATES SURFACE VELOCTY VECTOR AND PRESSURE COZ-FIC:ENT
C AT EACH CONTROL POINT AND :•IEO.RA..TES PRESSURE COEr-I•IENTS
- TO GET FORCES AND MOM-N-TS
C
C CALLED BY: PMAPC
C
C EXT"ERNAL REFERENCES: SCHDE

C ENVIRONMENT: VAX/VMS FORTRAN,CRAY CFT?7 FOPTRAN,
C MACI"NTOSH DCM MACTRAN PLUS .
C
C AUTHOR: Dale Ashby,
C MS 247-2, NA-SA Ames Research Center, Moffett Field, CA. 940o5
C
C DEVELOPMENT HISTORY:
C DATE INITIALS DESCRIPTION

C----------------------------------------------------------------------------------------
C
C
C CODE DIMENSIONING PARAMETERS
C
C NUMBBER OF SURFACE PANELS ALLOWED
C

PARAMETER (NSPDIM = 4000)
C
C NUMBER OF NEUMANN PANELS ALLOWED

PARAMETER (NNPDIM = 50)

C NUýMER OF PATCHES ALLOWED

PARfAMET-ZER NPDIM = 20)

C NUMBER OF BASIC POINTS ALLOWED FOR SECTION DEFINITION
C (ALSO NUJMBER OF SECTIC.NS ALLOWED PE.R, PATCH)
C (ALSO NUMBER OF ROWS OR COLUMNS + 1 ALLOWED ON A PATCH)
C CAUTION: D0 NOT SET THIS PARAME•-ER TO LESS THAN 5S!
C

PARAMETER (NBPDIM = 100)
C

C NUMBER OF WAYE PANELS ALLOWED
C

PARAMETER (NWPIIM = 1500)
C
C N•UMBER OF WAKE COLUMN•S ALLOWED ON EAH WA.E

C
PARAMETER NWCOIM = 50)

C

C NUMBER OF WAKES ALLOWED
C

PARAMETER (NWDIM = 50)

C NUMBER OF SCAN VOLUMES OF EACH TYPE ALLOWED
C

PARAMETER )NSVDIM - 10)
C
C NUMBER OF POINTS PER OFF-BODY STREAMLINE ALLOWED
C

PARAMETER (NSLPZIM = 1000)
C
C NUMBER OF GROUPS OF PANELS ON WHICH NDNTEEO NORMAL VELOCITY IS PRESCRIBED
C

PARAMETER (NVELDIM = 2001
C
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C NUMBER OF LINES AT A TIME TO BE REA: TIN F,-,R C'HE IN=LuENCE COEF. MATRIX
C IN THE SOLVER ROU'TN1E (BUFFEREID PNFl FROM THE SCRATCH. -:LE)

C (CAUTIýON: DO NOT SET LARGER THAN ONE UNESYOU ARE SURE YOU HAVE

C ENOU;GH MEMORY TO, HANDLE UERII:;2

PARAMETER (MATBUFF = 1

C
C NUMBER OF WAKE CORNER PO:NTS ALLOWED

C
PARAMETER (NWCPDIM=(14WP:IM

C NUMBER OF SURFACE CORNER POINTS ALLWET-D.

C
C PNABRAOMEDTER (SPANELS A WDI ON A PATC

C
C NUMB IER OFEGEPNELDS ALLPWED ONAPAC

C

ctnm numnber of viscous data points to be read in 3/26/93
c

parameter (nvpta - 30)
ctnm, subscripts not needed due to streamlining of code 2/25/93
c DIMENSION PATFX(NFDIM) ,PA=-,Y(NPOIM) , ATFZ(NPDIM).
c . PATMX(NPDIM) .PATMAY(NPDIM) ,PATMZINPDIM),

dimension
. SUMA(NPDIM),PCLW(NPDIMI,PCD)W(NPDIM),PCSW(NPDI!M),
* PCMW(NPDIM) ,PCMY'W)NPDIM , PC-MRW(NPDIM),
* PCLB(NPDIM) ,PCDB INPOIM) *PC^SB(NPDIM) ,PCýM(NPDIM),

+ PCMYBCNPOIM) ,PCMRBCNPDIM),.PCLS (NPDX'M),PCD)SINPOIM),
+ PCSS (NPDIM , PCMS (NPD).M) ,PC!MYS(NPD1M), PCMRS (NPZ:M),
* CCL:W0i) CCDW(0),CCSW)2-0),CCýMW(1C),CcmW)10~lo.
*CCMRWý10),CCLScO),ýCCOB(IO),CCSB(lO),
* CCMB(l0),C^CM.B1)CM3l)CL~0.CS1)

+ CCSS(10),CCMS~iO),CCMYS.,10),CCMRS(I0).

.AC-MRW) OL ,ACLB IC; ,ACZiE :C;,.ACES /1 0;,
. ACMB(l0),ACMYBfl0),AC^MRB)I.0;,ACLS(:0),ACDS(10).
+ ACSS(bO) ,ACMSý1C2 ,ACM4YS;IC) .ACMRS)3C),
+ KLSS;NPDIM),
+ N)4),NS(4),SYXý4ý,SYYý4;',SZZ(4).lCPSSUB)4)
COMMON/ PATNAF PNIAME(6,NPDI:M)
COMMON! PATCHES 'IDENT(NPDIM). IPAN)NZPDIM), KLAss(NPDIM),
+ KOMP(NPDIM), LPAN(NPD:M), NCOL;NPDIM),
+ NPANS(NPDIM), NROW);NPDI1M)
COMMON! SPANEL /XC(NSPDIM), YC(NSP:)M). ZCýNSPZTIM),
+ PCS)3,3,NSPDIM), APEA)NSPOIM), PFF(NSPDI!M).

CPSX(NSCPD1M', CPSY )NSCPDIM), CPSZý(NSCPDIM;,
:CPStNF:/IM.. KP7YFPNSP::M; ,SMF)NSPDI:M..

COMMON! PRINT /1 L-STNP, LSC7OUT, LSTGEC, LSTNA.B, LQTWAK.
LSTFRQ, LSTO-PV ,LS-n!LD), LSTEFT

COMMON/ SOLUTION / SIG(NSPD:M., DUB)NSPDIM;, P:ZUB(NSPDIM),
WDU3(NWqPDIM) VXINSPDIM;. VyýNSPDIM;,
VEINSPrIM), VXR (NNPD:M), VYR NNPD:M),

+ ~~VZR4NTNPO)IM) ,DIA(G"NSPD:M).
I ~RMSV;NSPDIM., VNORMAL;NSPDIM;, CPDUB(NSC-PDIMl

ct~.m RLXFAC added 215193
COMMON! CONST ,' R, EPS, FOURPI. CRAR,

+ ~ SSPAN, SREF, RMPX, RMPY, RMPIZ,
MAXI T, SOLRES. RLX7AC.,
RCORS, RFF

COMMON! INTERNAL/ NCZONE, NCZPAN, CEDUB-, VEF

ctnm added to iterate a solution with. viscous data 1/15!93
ctnm updated to include section drag data 2/22/93
ctnim updated to include section moment and last pass inf~o 3/19/93
ctrnm updated to include section lift data 1/1ý3/93

common/ iterate /COLCLS(NPDIM,NBPDIM) ,COLCDS;NPD7IMN'BPDIM),
*COLC-MS)NPD)IM,NBP[DIM) -,-'S,TCDS~tcms,
*dalpha~npdim,rnbpd.'m c,c1dptnrpdmr,~,nbpJim; ,
+ ~~cim2dpt~npdim,nbp:'im) .ast~clldpt (rnpdrr.,r~bpdim)

COMMON/ PNAB3R /ABRSZM,NABS::)4,NSPD:M.
COMMON! SCRF:LES / jFLCT,
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COMM.ON/ ONSET ,ALýHA, `"A.' Y-WE-
BET~A, WINDý -, -.P:D T,TEDC7, PSIc:
cOMPO?,SZx.Dý?v:NF.VSGUND

COMMON/ UNITS /UNITS

ctr.r VISCOUS added for iteration w~hvIsco,,E data 1/19.93.
c t:"- dimne-s~orns increased to 3C 0 :'2f,9-
c --nn N:;=: maxiýmur of :C viscous da::a sets car, be read 4-'

COMMON/ VISCOUS / TV: SCS, IDEN7IV(NFD7M , I:\PRN'rN1V: SI
pNFMAX t IC', As:I.: D .nvrpts) , CL2"10" , ,nvp- s
CD2 Di1 0, nvpts, , CM2D I, 0, nvpts , ,Ai'Z9O,13,,
rhsinc(NSZIN',

C.OMM~ON/ NUM / NPAN, NPATCH, NWPAN, N`W.JZE,NCOMP, NASS-EN
COMMON/ TSTEP INTSTPS, :TSTEEP
COMM4ON/ UNSTDY /OMEGA(:,10),V~iC, OTSTEP
LO0GICAL SYM. 555
::.LARACTEH*15 UNITS
CI{ARACTEP*4 PNAM4E

ctnrr, dec -zre a viscous wind transform mazr..'x 2/11/93
real vwind,ý3,3)

C
C INITIALIZE VARIABLES
C
ctnlr. qscale is a scale factor to scal.e the dyn~amic pressure or, the zail
"c this could be made part of the Input for eacn patch
"c this routine currently assum~es that the ta.4 4s patch #2 4/2-2/932

qscal~e =0.9

FY, P = I
SUM = 0.0
T'CLW = 0.0
-CDW = 0.0

TCSW = 0.0
.1MW = 0.0
.CMYW . 0.0
.ZMSW = C0.

CO.ýFX = C.0

C.OLFY 0.0
..OLFZ =0.0

COLM. 0.0
C.OLMy 0.0
.CGLMZ = 0.
patfx =0.

patfy =0.

patft 0.
patmrx =0.
patmy = 0'.
Pat=z = 0.

ctrar s,;hsrrpts dropped due to visccus corrections and
c streazrhiring of code 2f9

DO I !=1 * NPATCN
"c PATFX(I) - 0.0
"c PATFYýI) - 0.0
"c PATFZtI) = 0.0
"c PATMX~)[ 1 0.0
"c PATNYYU) z 0.0
"0 PATMZ(I) - 0.0

SUMA:I) = 0.0

ctnir. Initializations added due to code char.ge2/19

pOlw(i) - 0.
pcdw~i) = 0.
pcsw(i) = 0.
PC-hw(i) = 0.
pcmhyw~i) = 0.
pcmrwfiý = 0.

pc . = 0.
pcdt.i, = 0.
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CC

DO NY=:,NCOMP

=L I 0; .0

CCM-fw (NY) C. 0

2CON:NUJE
DC 'HA=!,.NASSE-M
ACLWJ4A) =0.0
AZDW(NA) = 0-0
ACSW(NA) = 0.0
n..NW{NA) = C0.
ACMYN(WNA) = 0.0
ACMRZWfNA) = 0,.0

3 CONTINUE

ctnirt added to initialize variables used with viscous data 1./28/93

do 4 np=l npatoch
do 5 nc=!,ncolcnp)
COLCLS(NP.NC)=0.
COLCDS(NP,NC) =0.
COLCMS(NP,NC =0.

5 Continue
4 continue

ctnm initialize the viscous wind axis transfon, matrix 2/:1/93

do 6 nx=1,3,
do 7 ny=1.2,

vri nd I x. ny) =0.
7 Continue
6 continue

CY = COS(YAW,

SY= SINYAI4J
CL= COS A 'LPHIA)

SAL = SINALPIKA)
K'=0
K134=0

RWINE VINF
ELSE

END 21
C D' : 1-

OSET SYMMETRY CD0DIT1N

7SYM)THEN
PSYM = 0.0
PSYMI = 0.0

ELSE
RSYM = 1.0
PSYMI = :.0

END IF
C
C FOR INTERNAL FLOWS, COMPUTE THE DOUJBLET STRENGTH OIN PANEL NOEZPAN AS THE
C AVERAGE OF THE DOUBLET STRENGTHS ON THE NEIGHBORING PANELS.
C

-:NCZONE . T. 0)"THEN
NI - NABOR;U.NCEPAN)
N12 = NABORC2,NCEPAN)
N13 = NABCRC3.NCEPAN)
N14 = NAE.ZR(4,NCZPAN)
DENONM = 4.0

F{HNI .LE. 0; 'MEN
DUBN1 - 0.0
DENDY = D'ENOM - I1 .0

ELSE
011911 = DUB:ýN1)
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END: F
LBN .-. 0) -HDE.

DUBNU = 0.0
DENOM =DENOM : .0

DUHIC: DUB N3)
END:?

D'UBN4 0.0
DENOM, = DENON - 0 .0

ELSE
DUBN4 DUBM(NZ;

END 0 P
:? (DN4M LT. C) S TEEN f
DUBýN4ZA =0.0 U

ELSE
DUE N4ZAN =DUB)N4BN UBS DBN)/:EO

END:?

..NDIF

C COMPUTE VELOCITIES AJND :P AT SURFACE CCNTRO). PO:NTS

K.0
A';ias~t egl) then

wr-2,) n~cc XCe xdist tle :dist arearat

c"2dpt art.Zdpt'
writ~e2.,* ____ ____

endf

D=IABS':IDENT(NP')
KLS(NP; zIABS ;](LASS (NP;

IFLS7-HLD.EQ. 0)THEN
WRITE) 16.699)
WF:TE(: 6.600) NP, (PNAME 1, NP) :=.&

DO 20 NC=1,NCOLýNP)
DSMAX = 0.0
SFLSTHLD.EQ.0;. THZN

WFC:TE(16, 60>NC,UJNCTS,PVINF,UN:-TS
WRITE:i6, 6021;

C COMPUTE CIRCULATION FOP, E-ACH COLUMN ON, WING TYPE PATCHES

SJiD.EQ.1)TH=N
Fri. = 7PANcNP, - ýNC - 0;NRCMiNP,
MTI = KTL * NPOW(NPý - I

CIC= (DUBET.2 - DUB(KTUW) ' FOURF:

DO 30 NR=1,NROW;NP;

C SURFACE DOUBLET rmFPEPENTCATION FOR COM.PUTING VELDC:T:E-S

C
DELPF 0.0
DELQ = 0.0

DO 35 1=1,2
I: = 1.2
:FLAG = 0
SS = 0.0
NY = K

C
C FIND NEIGHBORS FOR PANEL NY
r

N =. NABOP>,NN
NO!,I = ABOP':,0N`F)
NSi2) =NAESID(,,NK)

NS(1I) - NABSID(II,NIC)
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:XSl 1: .GT.C.OPR.NS,::; ST. ,-T"r

oIF NEIGHBOR ON SID O R - DOE-SN'T EXIS.. NF:*BOHER 3- NEIGHBO)R
OON SIDE OR0 4

IF:Nrs f).LE .C,TN 7EN

14,1 IIABO?2.HZ
NS(:) NASIINX)

!FLAG = 1

IF(NS(II) .LE.O:THEN
IFLAG = 11-4

ENDIF

OIF NEIGHBOR ON SIDE 3 ZP 4 DDESN'I EXI:ST, FINE EG-E;C NEI.GHiBOR
C ON SlZE I OR

ELSEI F NS (1I) -.LE. )r7HEN
Wý1ll = NE
NE = N(I)
N(I) - NASORI,NYE)
NS(lI1) =NABSID :II,NK)
NS(:) =NABSID(I,NK)

I FLAG =I

I F N1S (I) .LE.:-EN
IFLAG = 14

END IF

ELSE

C IF NEIGHBORS DO NOT EXIST ON EITHJER SIDE OF PANEL Nil, -wRITE bMSSAGE-
C O OUTPUT FILE AND GO 7, NEXT PANEL
c

DELP = 0.0
OSLO = 0.0
GO ITC :5

ENOiF

O NOW THAT NEIGHBDP.S ARE IETFDDO THiE DIFFERENTIATIO3N

36 IF{I.EQ.:)THE-N
SN = SMOINNI

SY = SNP(NR,)

IFýNS I)EIO.S;EQ.3 THEN
S: =SM%)(NII;

ELSE
£2 SMP(Ný:;.

S3 = SNOtNil::
ELSE

S3 = SMPCN(I:fl
ENDIF
SA = - (S1+S2)

SB = 5S3-52)
DE - (DUB(NMI))-DUB(NXfl/'SB
DA - I DUB (N (I '- MMB(NR)?SA
I F I FLACG.EQ.- IjTHEN

SS = SB
ELSEIFI IFLAG.EQ.II T'HEN

SS = SA

END IF
IF (I.EQ.1) THEN
DELQ a -DS-ES)(BS>:ED:(BS SS

ELSE
DEL? =

ENDIF
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o F ONLY ONE CEIGHBOP TO, PANEL: 7,: EXosTS. THEN JUST U:SE S:MP-LE
:--L7PENCZHG BEEVJEEý PAES TO:

rFOFLAG. EQ. --- 4 :THEN
:FINS (:-).EQ..I5.- -:_.E;_A THEN

SI = SMQjNU7ý

ELSE
S3 M( .

ENDSF
SE = fS3ýSK8

or:.EQ 0) THEN
DELQ = DUEBINl I: YBN SB

ELSE
051.5 = (OUBW3", ,-DUBEN1Z, SB

END:?
ENDSF
:F 4 FLAG. E;. (1:-4C1 7-11E

S: = SMQ (N JV
ELSE

S: = SMP(N(I;)
ENDX?
SA = (S1.5K)
:F 7 EQ. 1) TE

DELQ = (DUB (NW-DUB (NK) )/SA
ELSE

DELP = (DUB(N23!)-DUB(NK))/SA
END IF

END:?
35 CONTINUE

CALL SCHEMA(NROW(NPLNCOL(NP;,:ýPAZN(NPLK,,:CPS(NP;,
-CPSSUjB)

DO 3: 1=1,4
SXXi) z CPSX(IlCPSSUB:))
Sfl;:i~ = CPSY(ICPSSUB(I'))
S10(1; = CPSZU:cPSSUB I;)

I:1 CONT:NUEE
'EX3 = snx(:) - xMoat

EX2 = SXY(2) - XC(K)
EY3 = SYY(3) - ycý0)
EY2' = SY-Y(2) - YC;Kl

E3= SZZ(3) - ZCIK)
EZ2 = SZ0(2-) - lOXK;
XEI = EX3 * Pcsm,_:,K) , EYI 3 02K ElI- - O;~,
XEý' = ENS * PM51,?,) + EY2 PCS;24,IN, ZZ* ,l P(S(3,1,K,

YE X=EN P05):,2,K; Eyl PCS:2R Z
YE2 E=EN P052:-,2,?) - El P052, ; ElI PCS, K2,

TX =Z 5.1* XE2'

C
C VELOCITY COMPUTED :N LOCAL PANEEL COOP:NATE SYSTEIM

VL =(TY IOSLO - SQP.T(7*TXT + :Y7TY * DELP; - OU'RPO T

VY -DELO FOURPI
VN =SIGK) ?OWRPI
DUER = DUECK' I ?OURFU

C
C TRANSFORM THE VELOC:TY \'ECTOR IO GLOBAL OO03FRDONATE SYSTEM

VPX=(VL - PCS)14',K) + VN PC052,2K,F - V1, PCS;1,3,Ký)
VPY= Vt, * P052,',?) VMN PC5;2,2,Y; - VN - PCS)212,K))
VPZ..(VL I PCS(3,1.,K) - U PC0522,1,) - N ' PCS(3,-,K:)
!F ID .EQ. 3)THEN

C COMPUTE SURFACE VELOC:ITIE5 FOR NEUMANN PATCH'
C
C UPPER SURFACE VE-LOCI'TIES
C

VMN=VNORMAL(?)- ;UR,1C34)'PCS);.3,Y;-\'YP ýY34;*PCS:2l,Y,X)

-VZR(X34pPC5,3,3,K))
UN)?) = XR(?14) * PX/2.0 + 'INN PCS51,3,?)

MK VYR)?34) *VPYi2.O . VIN PZSl,2,,Y.)
"2)?K) =VZRWK4) V PZ/2.C, + VMN *PM2;,3.K)

C LOWER SURFACE VELCOOTES



t'.XL = -: VF'X

=.Z -zy VP: 
z:7vG-= SQpTfVXLV':-XL . vyLvYL -Z.

CCNPLCE K:NEKUI VEL :71 VECTOR

VEX = ZF=,:F OEJKPC~ -E ONZ2KM;YCF
VEY = VFP(2.KMPJ O MEGA(3-,KMP IXC(KI - 0EGAý-i,KMP:ZC(K)

C KZliNE:-MA.TIC VELOCCITYVCO

C
VXYK) = ','PX - VEX
VY:ýK) = VPY - VEY

ZF,= VP: - z

END:r

C COMPUTE PRESSURE COEFFICCEN'T AND LOCALi MACH NUMBER

\VXD = VX K)
',YD = Vry K)

VZO = VZMR
'-F AG =SQRT(VXD-2 - VYD-2 -*ZZ2
CP = - (VMAG/P.V:N'F)--2 + >OR~PCF DTS'IP))*

7DUB(K) - PDUB:K))
PMAhCH = VMAG/VSOUND

C
C COMPUTE CP AND MACH NUMBER ON LOWER SURFACE OF NEUMANN PATCHES

:F'-D. EQ. 3)rTHEN
C-PL I - ýVMAGL/RVINF)-2 - (2'FOU:RPC-/(RV:NF=4'I DTSTE.P})

+ DUS (K) - LB ;
PMACHL = VMAGL/VSOUND

C
C PERFORM PRANDTL-GLAUERT COMPRESSIBTLCW! C)RlkECTC0N'

!FCOMPOP.EQ.:)THEN
CP CP/BETA
CPL =CPL/BE-TA

END CF

C COMPUT THE FORCES AND, MOMZNTS ON EkCF PANE:L
C

PFTCT = -C? * APEA(K

PFTOT = - (C? - CPL) * APEA(FI

PFX = PF'TCT * PCS1,2 ý,K)
rFY-l = PFTOT * PCSý2,2,K)
PFZ = PFTOT I PCS2.43,K)
p M-: = PFZ * (YC(K) - RMPY) - Pry ZCCY, -RM-Zý

PMY = PFX * (ZC(K) - RMPZý - PFZ ' XCI> - PMPX,
PMZ = PFY * :XCK)) - RMPX, - PP-X I 'Yc.1> Rmpy,

C SUM UP FORCES AND MOMETCS FOR EACH COLýUMN ON WING TYPE PATCHES

CFI:DENP(NP) .EQ.1)THEN
COLFX . COLFX *PFX
COLFY . COLFY PFY

COLFZ - COLFE + PFZ
COLMX . COLMX + PKOC
COLMY . COLNY . PMY
COLMZ = COLMZ + PMZ
SUM = SUN + AREACK')

C
C COMPUTE 'HE LEADING AND TRAILING EDGE COORDINATES FIR EAC-H COLU,'MN OF
C PANELS ON TYPE I PATCHES. ALSO COM7T=!E CHORD LENGTHli

IFtNP.EQ .1) THEN
X -E Cv':-: - SXX''4;

YTE =Y," s :.*s'Yy4)
CmE =szz(1.) *szz:4)

ENDIF
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2z sxx2_' Sxx:1. -~

DS DX'DX 'YD - Zý
:F;DS .GT. DSMAX: T]HEN

051-AX=OS
XLE = (S5),22 S* ,

YLE = SyyWz * S'yV') .2.0
ELýE = 511ý2' * SZZ3 1.2

DX = TEE/2. - ILE
Dy=YE2CYLE
Dl Z TE/2I-C ZLE_
CHORD =SQRT(,X-DX , DY-DY + * T7
YOVRSSPN = YLE/SSPAN

rNC)IF

U lMtP THE FORCES AND MOICNS FREC cl /99

PATEX = PATFX , PF-X
PATFY = PATTY - P.-Y
PATFZ = PATFZ PFZ
PAT=O t PATMX - PHMl
PAT'MY = PAT"MY PMY
PATMZ . PATMZ - P141
SUMA(NP) = SUHMNP) + AREA(E) 'GREF
IF1 LSTHLD.EQ.0)THEN
WR-TzE(16,6C3)R.XCEK),YC/-k>;ZC(K;,ZUBR,VD\YDVMSPPAC
IF (ID.EQ. 3) THEN
WRITE (16, 603) K, XC MK , YC IF) , SC ýK;, DUBR, VXL. VYL,\VL y:;-CL

PMACH4L
ENDIF

END IF
30 CONTINUE

C COMPUTE SEC-ION FORCE AND MOHENT COEFFICIENTS FOR WING TYPE PATCHES
C
C~nr odjed to allow modificatior.n to alpha for visc-ous cal~culations

c alpha is modified for the daipha calcul-ated in, rts.f 2119

SF(IDENTkNP) .EQ.1!THE-N
A ~ivprnt .eg.0) thnen
COLCLW = C3LFX - WIN>I,,3; . COL'FY IWIND/2,$1

"* COLFZ I WINDý3,2
COLCOW . COLFX : WIND(:J!; - COL:FY * WINDCZ,1)

"* COLTS - WIND;3,)
COLCSW . COLFX -IDl2 COLFY * WIND:--2)

*COLTS WIND)3,2)
CCLCMyW = CCLXX . WIM , ,I WINY , WIN: )2,2)-
CO)t-Il - WINO:3,2)
CDLCMYW = COLXX * WIND(12) COLMIY * WIND 2, )

*COLMZ I WiND(3,3i)
CCLCMRW = CCLXYX - WIND:: * COLM ' WI.N> , 1) -

*COLNS , WINDI3,l)
SLM = SUM/I..0
COLCIW = COLCIW/SUM
COLCDW = COLCOW/'SUM
COLCSW = COLCSWiSUM
COLCM-W = COLCMW/(SUM - CAR,
COLOMYW = COLCMYW/4SUM * SSPA%:
COLCNRW =COLCMRW/)SUI- ' SSPAN)

else

C SET THE CURRENT ALPHA ANGLE AND THE CUJRRENýT UNIT FREE-STREAM
c VELOCITY VECTOR trodified for viscous calculations 2/25/93
C

VALPHA = ALPHA - dalpha~r~p~nc)
veal =cos (VALPHA)
vsal~sin (VALPHA)
VCA . aY * veal
VSA . CY * vsal
(IX = VCA

U-i = SY
12' = (ISA
US = SQRT)UX-2 . fl''l)
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C w~-J. v.,scous ccr.,ect~crns -

VWIND ( :, 11 = UX/U

%V: ND3,1 U

VW',NDW31; US

C COMPUTE SECTION FORCE AND MDMENT EFPr:::E-NTS FOP W:Nz TYPE PATC~iES
C using the v.,scousc wiýnd mratxr-x

COo-CLW - COLFX - VWINOW) * OLY VNO2,

COLPZ ,VWIND:O 3
^0'LCOW = COLFX - VWýND1,1) - COLFY VI%'NDC2,,:

*COLFZ * VrWINO(3,l)
COLCSW - COLFX - vvIND(l,2; - COLFY VWZND(2,Zl,
COLFZ -VWIND(2,2)
COLCKW = CCLMX. - VW:ND(l, - C:ZMY * VWI'NBC,2,

*COLMZ I VWIND(3,2)
COLCMYW = COLMX * VW:ND(2,l' C:LMKY

*COLMZ * VvINI)f3,3)
C6LCMRIW COLPM - -WZ COLMY - 'eIND(2,:-

*COLMZ -VWIND(a.l)
SUM - SUM,/4 .0
COLCLW = COLCLW/SUMh
COLCDN = ^OLCDW/SUY
COLCSW = COLCSWISUY
COLCKW = COLCPIN/:Sum * CBAP,
COLMyyW =COLcmykW/(S*UM SS7'
COLCMRW =COLCMRW/MSUM SSPA-N;

C
END:F

C
C CONVEPT SECTION CGEFFIC:'ENTS FROM 7<:Z-T STAEIL:7Y AXES

co.-ur sbscripts added for viscous daza ca.-:!u'atiJons 2IP
COLCLS NP.NC, = COLCLw

ctnm added to included viscous !low.-eld crrections tc section. dzag
(iv;prnt.eq.0)then

-0LCD)SINP,NC) - COLCDW CY - :CLCS'v; SY
else

COLCDS(NP,NC) = COLCDW *CY - C:LCSW SY - cd~dpt;,nc,
erndi f

COLCSS = COLCSW - CY -CCLC' I W
COLCMSiNP,NC, = CCLCKW CY - ýSS:AN/CBAP) -CO!4EM * SY
COLCMRS - COLCMRW * CY * A? SIPA-N, - COLCr;I S
COLCMYS =COLCMYW

C
C CONVERT SECTION' CO,=FFC:ENTS FROM WIND TO BODY AYES
C
ctnm added for viscous iterations 2/22/5SI

4f ivprnt.eq.0) then

COLCLB = COLCLW *CAL *CCLCLK I CY I SAL *COL7SW *F

I SAL
COLCDB - COLCDW *CY *CAL - OCW SAL - OLCSW *SY

,CAL
COLCSB = COLCSW CY *COLCOW4 - SY
COLCMB = CCLCMW *CY - SSPAN/CBAR * COLCMPW ISY
COLCMRB = COLCMRW - CY - CAL - (CBAR,'SSPAN) *COLCKW

SY ICAL -COLCMYW *SAL
COLCMYB = COLCMYW * -:-~'. Y * A
COLCMW *SY - SAL

else
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Coz::SE zzzW: -' :C :W -

bOLOMPE SYOM~ * * VA

encf: f

otnit. rein:-:ializatý on of SUM moveo to sý:a'e '-(c zra:

:CZLMZ 0

C WR:7E SECTION PAFAETEP-S AND CDEFYIC:ENTS 7' CUTPU: r:-E

cznm If ;r.n a viscous i'teration, ski'p these wottIes

if Ivprnt-eq.:ý goto 300

WRIT 7: (16, E57 7
WEITMr.(16,EtE'XS; YOLE, EOLED, OMORD,, CIRZYZVRSSPN , c:1M~l

ctnrr au,;script added for it-erat ion, witýh viscous data - IE '92
WRI TE 6, 6 9 COLOCLS N ,P , NC: , (r. FN. , :SS

ZZLCMS iNP, NC, , C3LCMY.S,CCLCMPS

wpum:c7E es 6C, :! z3020S --- stY ,
30C crntinue

CPUT W-EPATCH FF:E: N MO-MENT DAA N' l:.: AXISZF

o D: 40NP2NA h

c PCLW:NP) *PATFX NP)*WNU - PATFY NP. * ND3

c PCDW, NP) PA-YX:NP; ' W:.', I) 1 PATSY NP, W:t 3:
CAF - PATN?*P WAZ,ý 1

- ?CSW.NP: = PA TXX 1 NP, * WflNo A -rAYY (N, I W
c PATFO:(NP WN.:
T PCMYW('N'j = ATMY>N?, * WIND:,:,3*, faN, t::
c - AITMZýNP, *WNIz

c PCMYW(NP: = PATMX'NP *WN:>- A'N
c - PATMZ (N P, K:% -.N 2,3:

c PCLW(NP) = PZW)NP /cSP.EF;
c PCDW(NP; PCDW)NP:/ISREF,

P:SW:NP) = CSW(NP/,SPEF)
c PCMW(NP) =PCKW(NP;/!SREF I DEAR)
c PCMrW (N PJ PCMYW (NP) /ýSRP. Z7 S SPAN)
o PCMRW(NP, = PCMRWýNP)/(SPZF ' SSPAI%)
c 40 CONTINUE

"o SUM U:P COMPON7ENT, ASSEISLY,AND TOTAL FORCE AND: MOMENT
"o -OEFFC:ENTS IN WIND AXES

"o DO EQ NP=1,NPATCH
"C CCLWYOMP(NP)l = tCLW(YoMP(NPI, PCLWýNP)
c IO:W(NOmp(NP, ) =CZDW:NJMP(NP)j *pczw;!Zp)

o CCSWNKOMP{NP;) CCSWjN0MP(NP), + PCSW(NPj
c CO.OFN CZ:MW.XOMPiNPn - ?CKCW I1;

--N?? IKNP'P = ;CXWKONPNP PCMW, NP
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- .CSt KLA ISSINP; = ACSW:KL':ASS N -

: ~ NLASS~YJV =AMUILS

* MCMYWYF-LASS (NP, AI:MVW(KLAS-S(NP 7"'WN
.- CMW (NASS UP =A.M.RW (FLASS (ýNP (3'

- . Lw= TCZLW -PCLW:ýN'P ;RSYM

= ilW CSW.' *Cs PC NP, I PSYM:

- .2W = TCMW PCMW(NP I RSYM
C TCY TCXMYP - PY/YI'NP: I RSYM:

c TCMRW . WMRW *PCMRW(NP) - RSYM,

C

PC-DSfNP( PZDWýNP.. - CY PC"SVUNP S'-

"C PCSS(14P) =PCSWiNP) - CY *PZDW(NP; S Y

"c PCMS(N; P::KKNP; - my :SSPAN/,CBAR. ZtUP*L
" PneP.S'NP PCMPW(NP) - CY - (CBAF,:SSPAN * P1MW NP, * L

"c PCMYS(NP) PCMYW(NP)

C.

c CON-VERT PATCH CDEFFICIDCTS FROM WIND T`O BODY AXE--S

c

c PCLB(NP) PCLIJ(NP) * CAL. PCDW(NP: * C? SAL - PSW(NP, SY

c - ISAL
c PCDE;:NP) - PCDW(NP) - CV CAL - PCLW4(N); *SAL -PCSWýNP; SYL

c - ICAL

* PCSB(NP) PCSW(NP) * CY *PCDW(NP; * S

* PCMbS NP) PZMW(NP) - CY - SSPAN/CCEAR; * PZMRW:NR, - SY

c PCMRB:NP) = PCMRW(NP) - CY ' CAL , iEAR:SSPAN'; * PMVýP

c - SY * CAL - PCrfW(NP: - SAL
c PCMYB(NP) = PCMYWINP( I CAL -PCMRWINP, C? SAL . ICSAE/SSPAN;

c I PCekWNP) ISY *SAL
o S CONT:NUE

C
C

C PUT -HE PATC-H FORCE K!NZ MOME1C D-ATA :N W'INDL AXI:S CI-F::-TF
C

:ffivprnt.eq.O or. ider,:np).nc '

PCL&JW - PATFX' * wINDt:,3) . PATFY
-. W:ND(ý,3; * PATFZ -WN(,,

PCD'WW = PAITFX * WINDr'-) + PATTY,
- WINC(2,I: - PATFZ - WIND(3,1

PCSW'W * PATEX. * W:N7DK,2) + PATF7YI
- WIND)(t2:. - PATF-Z - WIND;3,2,

PCMWW4 = PAfl4-X I WIND(1,2) - PATMY
WIND:.:-; *PA.-VZ *W:NhD(S ,:

-:y~ = : - w:rz -3' -

* W:ND;:,S. -PATMZ *:-r

P2IP~wg = PATH)' - WI'N:)f"-l - PATKY
* WINDCO,1, + PATMI

PCLWW = Pcz'"/(SKEF;
PCDWW =PCDIWW/(SREF1
pCSvwW = CS9Wv/ýSP.EZ
P:MWW; PCMWW/(SREF CBAR,
PCMI*WA PCM4YWW/ BREF-- * SSAN,
PCMRWJ * PCMPWIJ/(SREF * SPAIN.

else

PCLWW cPA¶TFX *vwirndV.,3) + ?ATP'Y
+ vwindc2,3; + PATFZ vwind;3,21

PCDWW - PATI')'- vwindl(*.I + PAT7Y
- vwind(2,I) - PATFZ I vwind:3,,.

PCSWW - PATEX - vwind(1,2, - ;ATFY'

+ vwind(Z,2) * PATFZ - vw~nd.2."

ctnmr check to see :f this is the :ast pass 3/19/93
if (last. eq .1,then

ctnm assume that the input 2-d data 's re-ferenced to trne :Tuarter

* chord. if it is not, this value w.:. need to be ailed as

c an input 3/19i:9

xmref =0-

c*rtnf define the perpend~cular x,y and zta-tances fcr Totr: /*~
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z c--r n ý4v x d ist i s needed a I3 'S
xdi St. .mx .e xmref

ydi s: -. : .. ef dy-

= FatFI * yd - s-- RMPY; a-PtYtds -M

Pat--W. = PatFX ?M?3.t - FM:, at~l s PP
'Pa:.MZ = PatFY 1X...st - RY.PX; aE vatst Y

c ,.zlculate the rov.r, e .r.z.ba s re s -. n . '
endif

PCM'WW =PATMX ýwAn ,.

vwind:2,3 3 -PATMZ , vww*,ndc,-

PCMYWW = PATMX Ivwinrd,.,2 - FA.nY

- windil2,2? + PATMI vw~n6itl.

em:,iT. qscsle is a scale factor to scale the dy~cpressure on teti
c this routine currently assumes that t:- --ai is natch * /29

if (np.eq.2;then
PCLWN = PCW&*J'scale/ SREF)

else
PCLWW = PCLWW/(SRE`)

endi f
PCSWMW a PCSWW/(SREF)

if(last.eq.O~then
PC!0MW = PCDWW/'(SREF)
PCMMWv = PCMJW/I(SREF * CEAR)

else
emnitr. delfine ratic of areas for lift, draq and 7zrrent ccrrections
ctnxr. 23!8/193

a rearat = sum/sref

ct-nxm act the viscou.s drag component t.: PMAIR7s induc:ed drag3:/9

PCDMW = PCDWW!!SRES2 - cdl'dp:'np~nc:l arears:

c t nn. modi fied pitching moment for viscous moner: and moments caused
ctn~r by friction drag 2/18/92ý

c ;r scale is a scale factor to scale the cnmccressure cn the
c this routine currently assures that t he tail is patch *2 4~

i'f np.eq.2) then
PC*MWW (qscale~cl2dpt~np,zt: 'xdist -

*cmrdpc~np,nc; * chord - c-f2dp: ýnp,rn:-Izdist,I
- arearat/cbar

's e
P0*4MM = (cl2dpt~np,nc,*xd4st cr.3dpt~np, nc;:cr

cd!-dpt~np,nc;'z:d-=t, ara.
endif
write)12.689)nc,xlýe,xdist,=I.clr:ýsL~are-arat,

endi f

PCMYMM PCMYWW/(SREF *SSPAN;

endi f

c~nnt. re-ir.itialimed due to use as a wrigvariatle
sum - C.
patfx = 0.
patfy - 0.
patfz - 0.
patff~x -0.
patmy x0.
patmz -0.

C
C CONVERT PATCH COrFFICIENTS FROM W3ND TO C 3 AXES
C
c tnmr summration added due to viscous coýrrectin 2 Z15/93

Aivprt~e:. .:m. ident'-n c

PCLBcnp) *PCL~jnp) * PCLWvJ I CAL - P.ww - 7Y , -A'-

117



PC~&W* C *SAL

PCC: Fr.r FCp - : CAL-;LA SA
*SW SY *CAL

PCSB nlF. = PCSB mp - PCS'W' * 7 .
PCMTE jnp i = PCE ýnp: C~ S-SRXCA

?CMPSinDI = PCMPB~np;: - Pcm~iW I5 CAL - CBAF 'SS?.ANI
*Wý v Y CAL-FCC SA

PCMYB.,np1 = pcrMSEJnp) - ?MYW * CILCP 4CY SAL

PCL'B~nr. PCLB~npJ - PCLW: I v::a- - P-3"W
CS vel ?cseWW

PCD~fnp; = POD -PCWý* 5 val- CLV
* vsal PCSWW I SY v--a'
PCSBinp) = POSE ~np) * P0~h OC - ?CIo - * Sy
PCMB(np; = POIY'Snp; - PCXW& - CS Y :SPAN'OBAP: I PTMR~onq

+ SY

PCMRBCr.p) = PCMRE~np: - PCMRWW I Y*vcal- + (CBARISSPAN;

* PCmWW * SY - vca7 - ?OMYWW * vsal

PCMYE(np) =PCMN.EBnp) ,PCMYN:Wv vcal - ?OMPWW CyO

- veal = CBAP!SSPAN) - PCMV.W SY * vsa:

ern di

pc4AJ(flp) =pclw~np) + PCIMWrv
=c,,(p podwcnp) -K

pcsw(flp) = pcswj.p) - PCSAwW
pcinw, ýr.p ý = pcrwnwpl - P:CHWW

pcrnyw(flp) = pcmyw(lpý - PCMlobW
pcrx~w(np) = pcmrw(np) - ?CMPNWw

c n t :-nue
:0 continue

0 sum Lp COMPONENT, ASSE?2LYArN TOTAL FOpcEr ANDC MOMENT

C CC-FFICIENTS IN WIND AXES
C

DO 50 NP * I, NPATCH
:CLWýXDMP(npfl CCLW:YOXPin- POLW~nru
-CDWJ(OMP(np;2  CCDWYDVO~;~CWC
OCSW:FOMP(np)' CCSWfX0PnD' . PCSW:Tn:)
CO--KW(KOMP(np;. CCMgiYt:R owz
ccOMYW. KOMPrnp., =CCMYW PCMW~np
CCMRW;ICOMP~npVý = CCMRW rOVP~n-- + POMRW~np)
AC-LW dZK ASS (np v = ACLW(KLJSS - -- COLW;,. sr.

AODW;ZLASSinpL, = ACDWYLASS'CC -- - CDNý np
ACSW iKLASS jr.;) ) = ACSW5' -- OSnp
ACKW(KZASS~np)H = A CM4 (F :ASS -n; -CK:p

AOMYW KYLA SSjinD, = ACKYv.,,AS - p ZMYv, n,:

ACMW, KLASSS p = ACMRW ]KýLAS- rnz - O?

TOLW =TOLW - PCtWtnp)/?SYM
TOODW = =W - POZN~np)/BSYM
TOSW TCS4 POSW~np;
TLKgW = -:KW poMW~n:; /PSYM
TCMYWv TC:MYvJ - PCMYWi.-. - Sm
TCMRW = TCMPW - PCMPW~np: PSYNvm

C CONVERT PATCH COEFFICIENTS FROM WIND TOS-0 LT AXES
C

PCLS(np) - PCLW(np)
PCDS~np) = PCDW(np) ICY - CSW np, SY5

PCSS(np) - PCS"W(np) * CY PCD4,rpi Sy
PCMS(np) = PCM4(np) * CS 2USý-/OBAP)
* PCMPW(np) * SY

PCMPS(n~p) =PCMWjrAp) I CS Y SRSPX
* PCKW.(np) - E

PCMYS;,p) . PCMY-i~np)
%O CONTINUE

C
C CONVERT COMPONE.NT COEFFICIENTIS FROM WIN0T STAB:LITY AYZS
C

DC 60 NY=1,NCOMP
OCLS:NYm = CCLW(NY)
CZDS,*.Y) = CCDW(NF) *CS -7ý 025 :u Y
- 55 NWe) = CCSlw(NK CY O) Ni,
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Z v YS NE zmyw in:

oCNETCOMPONEX'" 1 -ZFROM :C '

-SALý

CAL
CBNTK) = CCSW(NK: CL 7Y SYC:

:msEr;rJ = CCKW)NX*,;*C -L s.SSN CSA:, S/=NE

CCMRB NK( CCMRN (Ni, 'CY CAL -CAR 55M

SY 5 CAL - CC~VW(NK: I A

CCMyB Nl,) = CCMYW (NY: * CAL.: - CC-MRW NF: Z BL F. SAL-CA/SA

oCMW:Nrx: - Sy I SAL

C CONV-ERTl ASSEMBLY CGE7FIUCCENTS --Roy. WDC- T%: ST CL: AXE-S

C
D0 70 NA=I.MASSE-M
ACLS(NA) = ACLW(N'A)
ACDS(NA) = ACDW(NA) *CY - ACSW(NA. S

ACLL(NA) -ACSW(NA) -Y C+ ACOW(NA:. S

ACMS(NA) = ACMW(NA) *Cv . (SSPA!N/CBARý - ACMRW(NA; - LY

ACMRS)NA) z ACMRW(NA) - CY - (CBAR!SSPFkN) - ACMWr4NAý I S

ACMYS(NA) = ACMYW!NAý

C CONVERT ASSEMBLY COES'FITCCENWL FROM WCN: CC ZOOY AXES

C
ACLSINA) = ACLW:EA) *CAL -ACZW!NA. 'O*A Cl ACSyA *L

-'SAL

ACZýB(NA) = ACDW(NA) *Cv CAL - ACLXjNAL SAL -ACSW:NA) SyL

- CAL

ACSBWNA)ý ACSW(NA) * C-Y -ACDVC:NA SY

A :ME (NA, ACMW(VA) - CY - SSPA!N/CBARY ACMRWNA; 'S

AC'MRB(NA) = ACMRW(NA) I CY - CAL CBAtR'SSPA-N) - ACM,ýNA;

S Y - CAL - ACMrN(NA) - SAL

ACVM*B(NA: AC!MVW(NA) CAL - ACM?-W NA. CY SAL -CBAR,'SS:PAN

- ACNW(NA) -LYV SAL
70 CONTONUE

C
C CONVERT TOTAL COFFC:CENcS FFROM WONTTOSTELL XE

TCLL TCL;W
TCOL =T'COW'CY -TZSM' Sv

* :Ss = TCSW * CY - WOW SyL

TOWS = TC.IW * CY LLPA-N'C"BAP' I 7TCMRW *SY

TCMRS = TCMRW - CY - .CEAR/LLSPAN 1 -:MW SYL

* CMYL = TCMY'W

C CONERT7 TOTAL COEF;CCCD(TS FROM WO-N: TO W; AXES

TCLE= TCLX' -CAL.+TCDW *CL' SAL. -TCSv3)SLz

** SAL
TCCB = TCDWJ 'CL CAL- TCLWI% 2'.AL- -TCLW - SY

I CAL
TCSB = '505W -CY *TCDW SYL

T.CMB = T0KV - CY - SSPANCSAR) - TCMRn - SY

*CMRB = CMRW I CY CAL + (CBAR/SSFAiN - CCXXW

* Y YCAL- TCMYWLSAL

TCMYB rTCMYW *CAL +TCMRW * CY I SAL - :CEAR/SSPAN)

* TCMW%,ISY SAL

C PPONT OUT ALL FORCE AND MOMENT" CPAA

ctnlt if in a viscous iteration, skip :teze wr~tesz

if (ivprnt.eq.1) goto 501

wPITE'16, 699)

WRITECE. 60,4)
WRITE(O 6, 650)

C 6WNO: AXES COEFFICO-ENTS

SwhITE (06, 607)
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DC: 8C NS= F * '.

P ~ CKN P'P , PCMY. N P) ,?7MRW iN .SUMA:PM
6. CONTINTUE

WF 7E: .16, E 1 0

DC PCN~ NOF

-. ,CMYW(NT,; , CCMPW (NK I

W F: 7E I 661, 2U
WF:TE: 2 , 62 6'
DC 92NA2 , NASSE9M
WR9CE (I E,62 2ýNk, ACLW(NA:,ACDNaK ý, ACSW;.ZL.A,,ZCK"(NA;,
* AM.:NA) ,ACMRW(NA:

WRITE 16, 6-:7
WF:Tr-(16, 62 4) TCLWTCDW, TCSW, TCMW, TCMYW, TCM4RW

C
C STABI1,1TY AXES COEFFICIENTS
C

wR:TE:-z(6, 699)
W F IME ,:6, 608)
WFITE-(:6, 605,
wF.:-.-: 6, 60 6)
Do 62 NP=1,NPATZH
WP:TE-(:6, 620;NP. (PNAMýE(I,NP) ,1=1, 6),PC.5 NP) , P00ýNP:. , PCSSNl?),
* PCMS)NP,,PCMvS)NP),PCMVRSýNP),SUMA)NP)

c WP:TE):ý3620)NP,)PNA1MEr:INP),I=2,6,,PCLS(NP)
62 CONTINUE

WR:TE(':6, 6:0)
W.: TEE 16, 62! )
DO 88 NF.=1,NCOMP

CCMYSCNN) ,CCMRS(NK)
88 CONTINUE

WP:TE.:6,61Z'
WR:TEý:6, 626)
DC. 94 NA=1,NkSSEM
WRITE 2.2~AAL)AOSNCSN)AM:A
- ~ACNYS (NA) ,ACY*RS (NA,

94 CONTINUE
WRsooEi:6, 615)

2. TEý'. 6, 627ý

C AY AXS C3O__F:C:ENTsc

WFOTE .6C,69)

WF=E(16, 605)
WF=T(16, 626)
DC 64 NP=!,NPATCH

PCMB NP) , PWYvB NP , PCMR ( NP) .SUMA (NP:
64 CONTINUE

WpI.TE)16, 60)c
WR:TE)16,629)
DO 90 NY=1,NCOMP
WPITE-(I6,622)N16,CCLB(NN),CCB)NX),CCSB(NY),CCME(NK),

CCMYBiNK) .CCMRBtNK)
90 CONTI NUE

WR:TE(16. 612)
WRI-Eil6. 630)
DC' 96 NA=1,NASSEY
WP:TE2ý6,622)NAACLBNA),AcD6)NA),ACSH)NA),ACM,--NAI,

+ ACMYB)NA) ,ACMRB(NA)
96 CONTINUE

WPTE,(16, 615)
WP'E(16,631)
4 p , :6, 62 4, TC L, TC. ZB To p ' mYBR, TCŽ-R a

ctr.rr. output for data comparison., added Z2 dec 92. if added lt29/93
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CFORMAT STATEMENTS

:X,'V.IN? = ' 4A:

* Vt'lOX,,'VZ',,UX. 'V',OOX, 'CP''8,6X,'MCNJ'

60,4 ......//OX '- <lX,
.'ORCZ AND MOMENT" COEFFICIENTS'/I0X., .

LICE ?ORYIATý30X, 'PATrCH CDEFICI:ENTS''l:CX, ------------

606 ?ORMAT(lX, 'PATCH' 10X, 'NAME', :SX, 'cz.' SL,'2X, 'C: ' ,7X, ' Cr.'7) ,
.7X, 'C.,n',7X, 'CJ"',5X, 'PATCH AREA'SREN-'I

607FOMT/X. AE'lx'. . ;

606 F'ORYAT(/SOX, 11-11-11--l ''CCX, 'STA:L;,:TY AXES'/3OX,
I......... -/)

609 ?ORMAT(/30X, ' '..... /3X, 'BODY AXES',0 ..CX.......
610 FORMAT(IIOX, 'COMPON=NT COZFFICIEN-S'IC 'lox,' ---------

612 FORMATVZ/3OX, ' ASSEýSLY COEFFFICIEN'TS' UO, ' ---------------

615 FrORMAT) CDX, 'TCTAL COEFNICIENTS'/SOX, '---------------

620 FORMAT(IX,I5,6A4,6F00.4,lOY.,F10.4)
622 FC'RMAT(:lX,CS,24X,6F"00-4)
(24 FORMAT(30X,6F00.4)

625 , 'OMT~X 'COMP Ix 'NAX, IIX 'CX 'Ca, C',,'j'

-7X, 'Csa' ,7X. 'CJ' I)
627 FORMAT)38X, 'CL' ,ax.'CD' ,8X, 'CV' ,2X, '=jr.,

.24, 'C,',n',X, 'CJ'/)
628 FORMATC1X, 'PATCH' CCX, 'tIAE' ,lSX, 'CN' ,6X, 'CA',SX, 'CV' X, 'Csm,'

.7X, 'Cnr',7,X, '05' X, 'PATCH AREA!SERZ'/)
E29 FORMAT~x CM'Cx NM',S,'N x C' x C',7,'j'

flY,, 'Qn',7X,'CI.J'/)
f630 FORMAT (!X, ' ASSEM' ,lIOX, ' NAME' I aX, ,,,, 'C A' ax , 'CA ' ,ax , , 'CV''):

£321 FORMAT(,38X, 'CM' , SX, ' CA' ,SX, -'CV' , 7X,
.,xX,',Cs,',7 X, ' C-1' I)

6510 FORMAT!X, 'NOTE: If the geometry is panelled using a plane c.",
-, symmetry about the V-D.C plane, cn~lx the total fazce and' lOX,
-,'moment coefficients',
*, will include the contribution fromr the image- panels.',;!

6 60 FORMAT) ii:x, 'PANEL'I ,IX:X, 'HAS NZ N'E:G.HSCPS OH SIZ-ES',
lX,12,OX, 'AND', 24,12,:4,'. TH'EPERCPFE TANGENTIAL SU'RFAC-E',

-VELOCITIES CANNOT BE COMPUTED FOR TWO:S PANEEL. 'I

675 FORMAT)/_IX, 'SECTIONPAAdzS'6,'L''X'VE7X'Z',X

E6£ FORMAT(IX, LFlO,3,4X,FIO.l)
677 FDORMAT)(/1aX,'CL',SX, 'CD',&X,'CV'Jx,'C',X'C'7,C'f
678 FOPMAT;OX, 'WING', LX,6F10.4)
E79 FORMAT)OX, 'STAE:LITV'I,6FIC.4y

Las format;Ox,il3,7j:xfa,4)
699 FDPMAT(1Nl)

END
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Appendix D.

Subroutine IDLTBPOT.f
*DECK 1DUSPOT

SUBROUTINE ICUB?CT.(scale, CX=CYP, CZt, -'X' P'ryPiz,
CNX,CNY,CNZ,XP,ý'P,ZP,CJK,C3NK-)

ctnm scale added to argument list to rece~ve the scal'ing factor for the
C doublet strength on the firso wake 4;:'5/93
c cjici brings oaCK to waKsi.f tne va.le of C-JK for the Ist, waKe colurn,,

C

CPURPOSE: THIS ROUTINE COMPUTES THE VELOC:TY POTENTIAL INFLUENCE COEFFICIENT
C ON PANEL K DUE TC A UNIT D:S7R:BUTED DOUBLET ON PANEL .1

C CALLED BY: WAK:NFL
C
C EXTERN~AL REFERENCES: CROSS
C
C ENVIRONMENT: VAX/VMS FORTRAN, CRAY CFT71 FORTRAN,
C MACINTOSH DCM MACTRAN PLUS 3.0
C
C AUTHOR: Dale Ashby,
C MS 247-2, NASA Amses Research Center, Moffett Field, CA. 94C35

C DEVELO?MENT HISTORY:
C DATE INIT:A7LS DESCRIPTION

C

c tnn L--i added to make EPS available to ::'.'BOT 4/7/93
ctnm RLXFAC added 2/5/93

COMMON/ CONST /P1, EPS, FOURPZ, CBAR,
SSPAN, SREF, Rk.PX, RMPY, RMPZ,

*MIAXI T, SOLRES, RL.X-AC,
*RCORS, RFF

REAL CXP (5),CYP(5),CZP (5)
CXP (5) -CXP (i)
CYP(5)-CYP Cl)
CZP (5) -CZP (:.)
PJKX - XP -PJX

PZKY - YP -PlY

POXZ - 2P -P.12

PNJN-PJKX'CNX-ýPJNY'CNIY+PJKZ'CNZ
2'Y.-(CXP(3),:CXP.4))I2. - P-

"'MY- (CYP (3) -CYP (4)l/2. - P :Y
TMZ-(CZP(3)'CZP(4))/?. - PJZ
'?0S-S'.RT (10(T-TX-TMY'TMy-TMz TMZ)

C*' CMY,CKYCZ COMPONENTS Or THE 'M' VECTOR
CMX-TM.XITNS
CMY-TMy/T'MS
CMZ-TMZ /TMS

C .... CLX,CLY,CL2 COMPONVENTS OF THE -L VECTOR
CALL CROSS (CMO, C-MY, CMZ, CNX, CNY, CNZ, CZX, CLY, CLZ)
CJK -0.

CJK1 0.
DO 10 NS-.,4
AX - XP - CXP (NS)
AY - YP - CYP (KS)
AZ - ZP - CZP(NS)
BX - XP - CXP(NS+1)
BY - YP - CYP(NS41)
BZ - ZP - CZP(NS-1)
A-SORT CAX'AX + AY-AY + AZIAZ)
B-SORT(BX*BX + BY'BY + 82BZ)

XS - CXP(NS-l) - CXP (KS)
YS - CYP(NS-1) - CYP(NS)
ZS - CZP(NS+1) - CZP (NS)
S-SORT (XSIXS + ~Y5IY 4 ZS*ZS)
SM=XS'CMY.-YS*CMY-zS1CMZ
S L-~XS 'CLX- YSI*CLY 4ZSI*CL-Z
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AM -AX"CX+AY I MY*A Z*CIZ
A!-AX"CLYAY*CLYAZ*CLZ
BM-BXCMX-BY-CMY*BZ.C"Z
BL'-BX*CZX-BY*CLY4BZICLZ
PA-SM' (AL-AL.PNJMKPINJK)-A-M-AL-SI
PB-SM (BlBL+PNJM*PNJK) -BM*BL'SL
RNUM-SLIPNJM CA-PB-8 PA)
DNOM-PA'P8ýPNJK*PNJA'AB'SL*SL

ctrun the following is added to handle -he Speclal case of when n
c point j lies in the plane of the panel k, as per VSAERO0
c t:heory document 4/8/93

call cross(ax,ay,az,xs,ys,zs,rls,riy.riz)
rls-sart(rlx'rlx~rlylrly~rlz~rl~z)
rlsx-rl/r
rlIsy-rlIy/rlIS
rlzz-rlz/rls

otnim take the dot product of the previous vector and the normal
c vector of the panel to determine 'if tne control point is on
c the right or left side
c if rlsn>O, rightside
c if rlsn<O, leftside 4/8/93

rlsn.-rlsx cnx+rlsy'cny~rl~sz'cnz

ctnm if the projected height approaches zero from the positive sioe

i.-(pnjk.gt.C) then
if (dnom.gt .0)then

DUBINF-O.

ctrnm if dnom 'approximately' equals zero

elseif (abs 4dnom( .lt.EPS) then

ctnm, if on the 'right" side

if (r*isn.gt.O. (then
DUýBINF-pi1/2.

ctnm -If on the -left'side
else

DUIJ~NF=-pi /2.
endif

ctnm if anom less than zero

else
ctnim if on the "right' side

if (rlsn..gt.C.)then.
)U-BINF-pi"

ctnm if on the "left'side
else

DUBINF--pi
endif

end if

ctnnm if the projected height approaches zero from the negative side
elsec

if (dnom.gt.0.) then

DUBINF-0.

elseIf (abs (dnon) .lt.EPS~then

ctnn, if on the right side

if (rnan.gt .0 .(then
DUBINF--pi/2.
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e; e

ctnm if on the left side
DUBINF-pi/2.

endif

ctnm if on the -left"side

else

ctnm if on the right side

f (rlsn.gt.0.)then
DUBINF--pi

ctnm If on the left side

else

DUBINF-pi

endif

endif

endif

else

DUBlNF - ATAN2(RNUM,DNOM)

endif
ctnnm if working on the first wake column, (assumes wake is paneled from root
c to tip), : use doublet effect based on scale- length of three sides
C divided by the perimeter of the wake panel 4/15/93

CJKIl - CJKI + (scale*DUBINF)
CJK - CJK - DUBINF

20 CONTINUE
RETURN
END
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Appendix E.

Subroutine LENGTH.f
Subroutine Lenqth(wptx,wpty,wptz,scaie)

C PURPOSE: coputes a ra-4o of the lenoths of sioes :,2 4 3 to trhe pern-
c meter of a wake pancl (used to scale the first wake column
c to be able to remove the wake panels from the body)
c Assumes wake paneling is from root tc tip
C
C CALLED BY: wakinfl
C
C EXTERNAL REFERENCES: none

C ENVIRONMENT: VAX/VMS FORTRAN, CRAY CFT77 FORTRAN,
C MACINTOSH DCM MACTRAN PLUS 3.C
C
C AUTHOR: Thomas N. Mouch,
C KU FRL, University of Kansas, Lawrence, KS 66045
C
C DEVELOPMENT HISTORY:
C DATE INITIALS DESCRIPTION
C
C -------------------------------------------------------------------------------

dimension wptx(5),wpty(5),wptz(5)
sumnum-0.
sumdnm - 0.

ctnm step through the 4 sides

do 10 npts-l,4
dx-wptx(npts)-wptx(npts+I)
dy-wpty(npts)-wptylnp:s-l)
dz-wptz(npts)-wptz(npts+i)
side=sqr-(cxdx + dy*dy # dzldz)
If (npts..e.3) sumnum=suir.nur. , side
sumdnm - sumdnm , side

10 continue

ctnm determine the ratio of (sum of three sides)/perimeter

scale - sumnum/sumdnm
return
end
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Appendix F.

Subroutine RHS.f

S'nROUT:NE RHS

C--------------------------------------------------------------------C

SFRPOSE: THS r .E FORMS R:SHT-•-C SIDE VECTC, P F. SET CF EUA::ONS
C EASED ON THE CURREZ7T FREE-STREAM CDNLCTIONS AND PRESET NORMAL
C VELOCITIES
C

C CALLED BY: WAKINFL
C
C EXTE• NAL REFERENCES; NONE
C
C ENVIRONMENT: VAX/VMS FORTRANCRAY CFT77 FORTRAN.

MACIN'TOSH DCM MACTRAN PLUS 3 0
C
C AUTAOR: Dale Ashby,
C MS 247-2, NASA Ames Research Center, Moffett Field, CA. 940C3
C
C L7EVELOPMENT HI STORY:
C DATE INITIALS DESCR:PTION

C
C CODE-----------DIMENSIONIN-------------------------P--------A-------------R----

C
C

C CODE DIMENS:ONING PANELTERS
C
C NUJMBER OF SURFACE PANELS ALLOWED
C

PARAMETER (NSPDIM = 4000)

C NýUER OF NEUMYNN FANELS ALLOWED

PARAMEETER )NNPD:M = 504

CN7!CEE? OF PATC!HES ALLOWED
C

PARAMETER (NPD'M = 20)
C
C NUMBER OF BASIC POINTS ALLOWED FOR SECTION DEFINITION

C (ALSO NUMBER OF SECTIONS ALLOWED PER PATCH)
C (ALSO NUMBER OF ROWS Or COLUMNS - I ALLOWED ON A PATCH)

C CAUTION: DO NOT SET T-:-E PtFt' F•E, 7 LESS T--H2A !C.

PARAMETER (NEPOIM =:00)

C USROF WAKE PANELS ALLOWED

C
PARAMETER (NWPDIM = 500)

C

C DribSER OF WAKE COLUMNS ALLOW=-OD EC WJ,

PARAMETER (NW•DIM f 1500)
C

C NUMBER OF WAKES OLUMES ALLOWED
C

PARAMETER (NWVDIM = 50)

C
C NUMBER OF OAINS LUE OF-BODYHSTR E ALLOWED
C

PARAMETER (NSDIM = 510)
C
C NUMBER OF ROUPS POFAES OF WHIHY ANLONZEO NORY E

C

PARAMETER (NSLDIM = 1000)
C
C WUBER OF GROUPS OF PANELS ON 'WHICH NONZEO NORMAL VELOC:1Y :S PRESCR:-1ED

C
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ý7U ý-EF Cr :,!EP AT ; 7:ME EE REAC, :-, F.:R TE:NFZUEJ=NCE CC--. MATt:X
C NTHE SOLE RoT:EBUFFERED 'INPUT FROM THE SCRATCH F -E

o CAUT:ON: DO N37 =E LARGER -HAN ONE UNLESS YOU ARE SUEYOU HAVE

C NUHMEMORY TO RANCLE BUFFEREZ 1NPUT'

PARAMETER (MATBUF

CNUMEER OF 'WANE- CORN-EF POINTS- ALZZOWEE-

PARAM~ETER (tTWCO-M= NWPDOM * ) 2

CNUbmER OF SURFACE CORNER FPz:NTS ALLOW-E.:

PARAMETER (NSCPOIM=(NSPOIM- 12

C NU-rER OF EDGE PkNELS ALLOWED ON A PAT-H

PARAMETE-R )N-EPZ'M = NEPZ:M '4

ct~nm number of viscous data points to be read in //R
c

parameter (nvpta = 30)
DIMENSION OUBIC(NSPBIlI),

* VNP(NSPDIM) ,
* SORSIC(NSPDIM)

cznx RLXFAC added 2/5/93
COMMON/ CONST I PI, BPS, FO-'FPI, CEAR,

*SSPAN. SREN, RYX, RMPY, RMPZ,
*MkXI'T, SOT-RES, RZ.XFAC,

+ PCORS. RFF
COMMON/ SOLUTION /SIG)NSPLCM), D*UE(NSPDIM), POUvB)NSPD:M),

+ WDUE)NWPDIM), VXNSPDIM), Vv!NSPDI.M;,
+ VZ (NSPDIM) , VXR (NNPDIM) , VYR (NNP.OIM),

I VZR)NNPDIM) ,DAG1NSPtIM),
+ RFSV(NSPDI)M). VNORMAI.(NSPD:M), CPDUBýNSCPDIM)

COMMN PATCHES / DE-NT(NPOIM), !PA.N)NPrOIM). NLASS(NP::Mý,
* KOMP)NPO:M). LPAN(NPOIM). NCOL(NPDIIM),
* NPANS:NPDIM), NROW)NPDIM)

COMMON!SPANEL /XCjNSP:C:M), YC(NSPZ:M). ZC(NSPDIM),
*PCS311,2,N1SPDIM), AP.EAWNSPOIM,, PF.-NSPIM-7),

+ CPSX)NSCPD:M) , CPSY(!NSCPD.IM), CPSZ(NSCPD:M),
ICPS)NPD:M;, KPTYF;NSPOý:M) ,SMPýNSPD:M;,

+ ~SMQ (NS PZ:)M)
COMMON! INTERNAL / NCZONE,NCZPAN,CZDLB ,VREF
COMMON! -STEP / NTSTPS, ITSTEP
COMMON/ NUM I N PAN, NPATCH.MNWPAN, NWAIUE.NCOMP, NAS SEM
COMMON! ONSET / ALPHA,ALDEG, YAW, YAWDEG,
+ BETA.WIHD)(3,3) ,PH:DOTTHE-DOT,PSIDOT,

+ COMPOP. SYM,GPR ,V:NF,VsOUjND
COMMONI PRINT i Z1STNP, LS'IOUT, LSTOGEC, LSTN*ABLTWK

LSTFRQ, LSTCPV TLF-iZ, LSTjET
COMMON! SIRF-LES /JPLOT7, jDUB7C,

:SORIC. :MU
COMMON! UJNSTDY OMG 1,VFR.-2,lO, ZTTE-F

ctr.m VISCOUS added fcr iteration.- with. v4E:czs data 1/6,9"R
ctnmr dimensions increased to 3C 3/26/93

COMMON! VISCOU'S / -VC-SCS,ZDEN-V(NPr,:M,,",IPRN-,NVIS:!,
+ NPVMZ)(10),ALP2'D(lC,nvpt-s),CL,2D(l0,:x,,pt-sý,

COI2D)10,nvpts),CMIZ)(l0,n-vpt-s),ALPZROIC.),
rhsinc;NSPDIM)

ctnm added for viscous normal velocity 2/5/93
real VFZnewinapdi.m) .vfxnew~nspdimr,,
LOGICAL SYY,GPR
REWIND JSORIC
REW4IND JDUBIC

C
C SET UP THE CURRENT FREESTREAM VELOCITY VCO
C

KMP = 1
DO 1 0 N P= 1,NPATCH

VFX = VFR(1,KMP)
VF'Y =VFP(2,KMPI
'JFZ = VFR(3,YV.?,I
-ical-aqrt (%fx-v.'xvfz-vfz)
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S nvai add zhe incremnent in. alpha Lo :-ne ev: vect-r

do 7, -=:panmp),.pan(npý
VvZnewlj; =v~n9'-f la~l- VF2s n j
vfxnew~j:=vin!~--CoscsvxVr

end: I

OCMAX = OMECAWEN?'p

OmEGAZ =OMEGA(3,KMP;

.:FND, C:OMP.rNENT OPý FRrrSTREAY VELOCITY, NOýRMAL TI EACH. PANEL AND ADZ TOj
)tN PyV ?p=C NORMAL VELOCITY FOP EAkCH PANE2L

DO 5 N=IPcAN(NPý,LPAN(NP'
XN = PCS(l,3,K)
YN = PCS(2.3,X)
ZN = PS33'
VEX = YC(K) *PCS,3,3."K: - 111Wý ,C; 2E
VRY - ZC(E) *PCSý1,3,K) - XC(IU ' PCS(3-,3,K;

VZ= XC(K) *PCS(2,3,K) - YC(R) P05(1.,3-,K;
ctr~m VFZ changed for viscous data 2/5/93

if 4vprnt eq.1) then
VNP(K) = 'vNORMAL(K) - VFXnew(kj XN - VFY YN + Fnwk

+ ZN - OMEGAX *VEX + OMEGAY ' VYE . OMEGAZ *VRZ
else

VNP(K) = VNOR~kMAL - VFX EN - V.Y -YN VFZ - ZN
*OME-ZAX -VRX + O1'ZG Y *VP! OMEGAZ - VRZ

endif
C
C SET SOURCE: VALUrE FOR EACH PANEL

IFC:DENT(NP) .NE.3;THEN
S10(K) =VNP(K)/FOURPI

ELSE
S10(K) 0.

ENDTF
5 CONTINUE

10 CONTINUE

C COMPUTE THE INITIAL RIGHT HANDr- SIDE VECTOR

DO 20 NP=1,NPATCH
DO 30 J=IPAN(NPLLPAN(NP)

:F(NCZONE-.GT.0( THEN
REýAD(JIDUBIC; (DUEIC^(K( N=1,NPAN;

EtC IF
P.EAD(JSORIC) ,SOPSIC(Y) ,X=2,NPAN)
ES = 0.0
DC 40 K=I *NPAN

IFLNCZDNTE.GT. 0.AND.E,.Eý.NCZPANý; -,-EN
EJ z LS - CZDUB *DUEIC (It:

ELSE
EJ = EI + SIG(K) SORSIZ1CK;

ENDIF
40 CONTINUE

RHSV(J) = EJ
IF(IDENT(NP).EQ.3:RNSV(S) E= E- VNP~j}

30 CONTINUE
20 CONTINUE

REWIND JSORIC
REWIND JDUBIC

601 forrnat(2x,i3,3x,6(2x,f510.S))
RETURN
END
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Appendix G.

Subroutine SEARCH.F

"-:ECK, SEARCH

C-----------------------------------------------------------------------------------------

C PURPOSE: searches through an orderet Se- of pci.-.s for -he .re::nt -ýs
C greater tnan t-e in.put vaLe, zer:'c, rms a _.near in~erpc~ati•r
c between these twc points and returns the inrerpola-ed value

C CALLED BY: VISCDATA

C EY:TERNAL REFERENCES: NONE

C ENVIRONMENT: VAX/VMS FORTRAN, :RAY C-T'• 7OPTRAN,
C MACINTOSH DCM MACTRAN PLUS 3.0

C AUTHOR: Thomas N. Mouch,
C KU FRL, University of Kansas, Lawrence, KS 66045

C DEVELOPMENT HISTORY:
C DATE :NIT:ALS DESCRIPTION
C
C -------------------------------------------------------------------------------

C
C
C CODE DIMENSIONING PARAMETERS
C
C NUMBER OF SURFACE PANELS ALLOWED

PARAMETER )NSPrZM = 4000)
C
C NUMBER OF NEUMANN PANELS ALLOWED
C

PARAMETEP (NNPDIM = 50)
C
C N•UMER OF PATCHES ALLOWED

PARAMETER (NPDIM = 20)

C
C rMBEER OF BASIC POINTS ALLOWED FOR SECTION ZEINITION
C ALSO N-JMBER OF SECTIONS ALLOWED PER PATCh,
- ,ALS NBEF OF ROWS OP COLUrUo:S - i ALLONE: ON A PATCH,

SAUTION: DC NOT SET THIS PARAMETER T7 LESS 7-...N 5 C

PARAMETER (NBPD:M = 10C)

... ER OF WAKE PANELS ALLOWED

PARAYETEP (NWPDIM = :500)

C NUMBER OF WAKE COLUMNS ALLOWED ON EACh .
C

PARAMETER (NWCDIM - 50)
C
C NUMBER OF WAKES ALLOWED
C

PARAMETER (NW•DIM m 50)
C
C NUMB1R OF SCAN VOLUMES OF EACH TYPE ALLO.D
C

PARAMETER (NSVDIM = 10)
I
C NUMBER OF POINTS PER OFF-BODY STREAMLI.E ALLOWED
C

PARAMETER (NSLPDIM = 1000)

N0 .KC-ER OF GPOUPS OF >A.NELS 7N. •'WIh 2-,ERC 12;KAL .

PARAMETER iNVELDIM = 200)
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C Nt_*I~EER OF LINES_ AT A TIME TO BE c 'EA. IN IFUNEOE AýY
THE SQ02/ER RUT2IE7 iBUFFERBI INPIT ?~Y HSSCRATCHFlU

..n,;TION: DO NOT SET LARGER =HA ON:CNLSS YOUAE CE O HV
C ENOUGH MEMO0RY 'TC. 'HAN:ILE B'JFFERE IN7ZUT

C vrCZF OF WAK:E ZORNE? POI:NTSALOE

PARAM"ETER (NWCPDIM=(NWPDIM , '1-

C NU?2RER OF SURFACE CORNER PC:N'C
C

rnRARETER ;NScPE~iN=,NSFDIM I

o NM=SR OFF EDGE PANýELS ALLOW-ED ON APAC

pA.RAMET7ER (NEPDI!M = NBPOI!M * 4:

ctnm. number of viscous data points to be read In 3/26/93
c

parameter (nvpts = 3Oý
real dalpi.(nvpts) ,alpact~c'cnvpt-s:

ctni=. initialize the counter

k=l

ctnr. set the flag showing a value hasn't been, found

iflag=0
20 continue

ctrn]? test to see if the current value iýs greater than tne desired value

:'f~da~p::}U .gt-.alpact)the-n

c-tnnt if It is greater, then if you have compared acre -than one value,
C interp~clate

if~k.gt.l) then
va lul1=cda p: k:.

ctnmirr a point has been founc

if-lag=l
else

:t-nr. _f it isn't greater andonly one 'a~ue rczpared,
CtnMr. you're not In the data range, return tne lowest va-'e

w~rite:St Ouof range low, sezttug mcnlmur.';

ctna a point has been found

i flag=l
en~dif

else

rtnm, if you have compared all of the values. -hen cut of rang:e high

if (k.eq.4mnax. then
write(S,- tout of range high, aetotr.; rrax'
clcalc~rl tax;

canrr. a po~nt has been fcun~d

i flagel
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ctnn if a pcint hasn't been feu.nd. eet hecour.t and 7O~mpare acajL

if:l.ga.ecc. C then

Coto 20
en,: d-
end
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Appendix H.

Subroutine VISCDATA.f
"1:E77: viscdata

SUBROUTINE v'sc~aza

----------------------------------------------. . ----------------------- ----------

-PURPOSE: EVALUATES THE CORRECT:ONS 7ErUZEr THE SEZ:-_,,AL L:-F

SCOEFFICIENT TC INCLUDEE 7I _=.EFCTS TiE -. T•SC:D MZT-oz

CHAN3ES THE RHS VEIZTC TC AZCMW-A.-E THESE -E

C CALLED EY: PMARC

C EXTERNAL REFERENCES: SEARCH, SOLVER, WA-DUE. NEUI£ANN.,AERODAT

C ENVIRONMENT: VAX/VMS FORTRAN,.CRAY ZFT77 FOPTRAN,

C MACINTOSH DCM MACTRAN PLUS 1 .0

C
C AUTHOR: Thomas N. Mouch,
C KU FRL, University of Kansas, Lawren:e, KS 66C45
C
C DEVELOPM•T HISTORY:
C DATE IN:TIALS DESCRIPTION

C-----------------------------------------------------------------------------------------
CC

C CODE DIMENSIONING PARAMETERS

C NUMBER OF SURFACE PANELS ALLOWED

PARAMETER (NSPDIM = 4000)

C NUJMER OF NEUMANN PANELS ALLOWED
C

PARAMETER fNNPDIM = 501

C NUMBER OF PATCHES ALLOWED

PARAMETER (NPDIM = 20)
C

C NUMBER OF BASIC POINTS ALLOWED FOP SEZT7CN EF ION

C ýALSO NUMBER OF SECTIONS ALLOýWED PER PATCH.
C ýALSO NUMBER OF ROWS OR COLUMNS - i ALLOWED ON A P)TCH•
C CAUTION: DO NOT SET THIS PARAMETER TS LESS ThAIN £0.
C

PARAMETER (NBPDIM = i00)
C
C UJnEER OF WAKE PANELS ALLOWED

PARAMETE-R )NWPDIM = .500)

C NUMBER OF WAKE COLUMNS ALLOWED ON EACH WAIE

PARAMETER (NWCDIM = 50)
C

C NUMBER OF WAKES ALLOWED
C

PARAMETER (NWD:M = 50)
C
C HjER OF SCAN VOLUMES OF EACH TYPE ALLOWED
C

PARAMETER iNSVDIM = 10)
C
C NJMBER OF POINTS PER OFF-BODY STREAMLINE ALLOWED
C

PARAMETER (NSLPDIM = 1030)
C

C NUMJBER OF GROUPS OF PANELS ON WHICH NONZERO NORMAL VELOC:TY IS PRESCRIS-ED

PARAMETER iNVELZ:M = 26:)
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7 NUMBEEF CEF LIN7ES AT A. TIMEr TO: BEs REA .cNE'T WEE MRI
1 N THE SOLVER ROUTNFE EU7F=E7: . - RO= TE 7:

*ný77I0N: :DO N3T SET LAkRGER TNOEULSSyOu ARE LURE, you LHw'7

PARAMETER ATU

C NUI=SEF OF WA'r- CORN.!ER POINtTS ALOE

PARAMETER (NWZPOIM= NWFOI N

C NUMBER 3F SURFACE_ CORNE PONTSALLRE

tARAMETER (NSIPLIM:Y(NSFO)M

CNUMRSER OF EDGE PANELS ALLOWED ON; A PATCH%
C

PARAV.METER ýNEPOIM = NEPOI:M * 4;

ctnm number of viscous data points to be read in 3/26/93

parameter (nvpts = 30)
C
c NUMBER OF VISCOUS ITERATIONS ALLOWED
c

PARAMETER (itparm = 50)

ctnrr. RL,)CAC added 25/E.93
COMMON/ CO3NST /RI, EPS, FOURPI, CEAR,

ESPA-N. SFEER'. RMPX,. RMfRY, RMPE.
M'AXIT, SOlRPS, RLXFAI,

+ ~ ReaRS, REFF

ctnir added to iterate a solution with viscous data 1i13i/93
ctnrr updated to include secti'on drag data 2l/22/93
ctrnxr updated to include section mnoment and Last pass info 3/19/93
ctnrrs updated to include section Lift data3/19

common/ iterate /COLCLS(NPDIM,NELPDI)M;,COLCDS\NPDI-M,NEPDITM),
*COLCMSCNPDI:M.NBPOIM),TZLS,TCDS,tcm=s,

COMMON! NUM / NPAN, NPATCH,*!vAC 1AE NeON?. N ASSEM
COMMON! ONSET /ALPHA,ALDES;,YAW,YAWFEG.,

* BETA,WIND ýl, 3; , PiDTDCT,CTPSDOCT.
COMPOP, SYM,GPR,VINF,VSOUND

COMMON/ PATCHES / DENT(NIPIMi, IPA.NNPDIM). YLASS(NPZIM),
NONP(NPDIM,, LPANN:PIIM), NCOLNPOIM;,

+NANNPI,,RO(PLM

COMMON! SOLUTIOIN /SIGcNSPOIM, , DUEBNSPOIM), PDUE!NSPIIM).
+ WOUB(NW0POIM), \'X(NSPOIM). VYýNSPDIM),

VZ;NSPOI:M:, VXR NE;POI, VI NPOEC
VZR NN;POIM, ,OAG;NSPOIM),
RHSV(NSPOIM), VNORMAL;NSPDIM, , CPOUBcNSCPOIM)

ctnx. VISCOUS added for iteration with~ viscous data 1/19/93
ctnm dimensions increased to 30 2/26E/93

COMMON/ VISCOUS / IVISCS,IOENGV(NPOIM),IVPRN-.NVISC,
NPVMAX(l0),A:,,LP(IDC,nvpt-s),CLIO;LýC nvptsi,

*C-020(l0,nv-,ptsi,CMIO(10O.nvpts).AL-PZRO(IC),
+ rhs4inc(NSPO,.M;

real alxfermnvpt-s),clxfer(nvýpts; ,cdxfer~nvpta),cinxfer(n~vpta)
relcldi'ffý'itparmr) ,clstor-ýitparrr2 ,cdstortirparrr,)
* cldi.factý4tparms),cmstoritpýl-arttn

radcon=280./pi4
rixo~ld =rixfac

ctnm. initialize a flag to show we have convergence and are making
Ctrar the last pass

cast = 0
write(13. ) alpha - ,alpha, aldeg =.'aideg

133



A o~ompoj.eq-l then

otnm a cor.pre sa tlEz :a.cu..alazon, a pply arr~~ -ceza.

el.se
c lslo-pe2.'. piJ

end.-"
Wr:te (-,1'~ RL.XFAC = ',?LXFAC

ct.nm niia. z the count for number of ci :t-era:Ions

otna, set a flag for whether to use a relaxati'on factor or no:ý based
C On is alptranx is exceeded 4/l6E/93

S continue

otno. initialize the count for pane: location

ctnmr count the numbder of iterations

ctnm check to see if solution has converged

A (ast-.eq.0) then

conin, set a limit on, number of iterations

"ifit~cl.t.itparm) then
write,13.: 'Maximum number off iteratio-ns exceeded. Cldilff

- c~difft
last
goto 7

endif
endif

ctnmor initi'alize delta alpha for first pass

A itcl.ec. the
do 1C np't=l,npatch

do 11 ncit=l,ncol(npi4t)
dalphacnpi-t,ncit) =0.

- continue
:0 continu;e

endi f
do 20 np= , npatch

otnfr. added to tzy to lexoedtte, convergence on, t'ne tail 4'E/PS3
o thu-s using a different relaxation factor on, tail pacoch *2)

A np eq. 2)then
rlxfac = .*rlxfac

else
rlxfac = rlxcld

endi f'.
ctnim if a wing patch, mod.ify the circulation for the 2'-d data

if ident(np).eq.l1 he
iv data= identv np}

otnir use the proper column of alpha and cl~d

do 12 itrar.=l,npvmaxcivdata)
a~er(itran,)=&lpld ivdata.'tran;)

clxf'er~itrsn)=cl.2dci*vdata.:-tran,,
cdxfer(itran, =cd2dýivda"ýa, itran;,
crxferi.ýrar.)=cmn2d~ivdats,i.tran;

22 continue
writeýl3,1fl k alphae 01 3-d) ol(2-d)

delt-a a,
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do 21nc=l,nool(np.

ificlrstio.gt.l.0. then
wrate(l3,* 'clratic >1.
clratic = 0.99

endif

ctnn% compute alpha/geomecrzc -apa:te In tecprees, jue to io:,Kuc

alýpeft=(asinfcl.ratilo:.dalpha,nFp,nz., *zadco-.ao:prcý.4vdat..
if ýalpeff gt.deg)then

wr.-te l3, 'aPet! f en:- > c
alpeff=aldeg

endif.

iflaeff~t~alfernpvmx~ivata then
alpetf=a~xfer cnpvmrax ivdata--
irel.ai=l

endif
iflalpeff-lc.al~xfer(l) ;alpeff=a:xfer.:,,

ctnmr lookup the 2-d ol for this alpha

call search ýnpvmaxidaa.axrclereef
* clidpt(np,nc))

ctnm lookup the cd and cmr only 'if this is the 'ast pass

if( last.eq.l) then
call aearoh(npvmraz(i.vdata .atxfer~cdxfer-,alpeft,

cd~dpt(np,nc})
cell aearch(npvmrax(iývdatýa) ,alxfer,-mxfler~alpef~f,

*cm.2dpttnp~nc;
endif
ff~actor=cl.dpt {np.mc) /coIcls;n~p,.-~,-

ctnm added to mimic lan's program 1/26/Si1
ifl~abs~colcl-s(np~nc2ý.lt.0.0Ct-,ffaclcr=t_.
if{f factor .gtu. 4) ffsctor=..4
if(ffactorjit.-l.4)ffactor=-:.4
fair~a=ffacrorain(alphaj
If iaba ýfsina .gt~l. faina=C .SEsina abs~fsi1..

ctnr. dalpha is in radians
dalpold=dal.pha (np, nc)
dalpnew=alpha - aain(fsina)

dalpha(np,nc)=(l.-rCxfac)l-'dapoldý rlxfacialpnew
else

daipha np, ne,=dalpnew
zre.ax. 0

endif
Brtci E0cnnc,alpeff,colcla'nT..r

* ,cl4dpt~np,ncJ,f factor, dalph=naý-p,nc, radcor.
do 30 nr=l,nrow~np)

ctnmr daepha is loverrelaxed' overall by a factor of1.

rhainc(k, =1 .ldalpha!n~p,nc,
k-k-1

30 continue
continue

else

ctnxr. if not a wing patch, aet the circuýati onr. icrement to zero

do 40 nc-l,nool(np)
do 50 nr=1,nrow(nc)

rhainrc kI =0.
k-k *.

50 continue
40 continue

endi f
20 continue

ca.wkn.l

call solver
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,cal wakdub
Ca ne-euran
C.ýdOstc s

Cio 0 t~c05
ernolo tairs
ca-- aeroos..

-ý=cadc'd

cmtra' c- ~=cmold

clýdifaa-,titc>U -,= 1 aoid-tc~s ialold
atrir next three variables are just fcr output

cmstor(i4tcl-l)=tcrns
d~difftc~adiff itlt-l.

wrt(, 'tltd= 'ltd,' 4 ,. difft:OO0.

:%~ax=ltcl
flast. eq. I) goto 90

atnrr if change in CL less than 0.3% reduce rlxtac to prevent 'chattedl

a :f .ýcldifft.lt.0.003)rlxfac=0.IlrlY-fac

ctnrf if change in CL less than 0.5%, do anoth-er iteration

Af c~dlffr.gt.C.00S) goto 5

goto0 5

s0 continue
do, 90 i~~tffax-.

90 continue

crnzr reset the last flag when finished with viscous calculations 4/1*7/93

last = 0

60C forailx5fS;
601. forrat(2x,i.3.5x,fS.,2(2X,fS-.3))
60 otaC-3,xf.432ýf.J

end
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Appendix I.

Subroutine WAKINFLS

•DECK. W•;iz:Nr:

SUBROUTINE WAKI NFL

C PURPOSE: CALCULATES THE WAKE POTENTIAL INFLUENCE AT THE SURFAC!E 'ONTRCL
C POINTS AND COMBINES THESE WITH THE SURFAC-E AN: ONSET FLOW

IN ASSEMBLING THE COMPLETE MATRIX AT EACH STEP

C
C CALLED BY : PMARC

ctnm length added to scale the wake doublet influence for the first wake
c columr, therefore don't need wakes from the body 4/15/93
C EXTERNAL REFERENCES-: IDUBPOT, PTDUB-POT, HS. DISTANCE. SCHEME, length

C ENVIRONMENT: VAX/VMS FORTRAN, CRAY CFT77 FORTRAzN,
C MACINTOSH DCM MACTRAN PLUS 3.0
C
C AUTHOR: Dale Ashby,
C MS 247-2, NASA Ames Research Center, Moffett Field, CA. 54035
C
C DEVELOPMENT HI STORY:
C DATE INITIALS DESCRIPTION
C
C -------------------------------------------------------------------------------
C
C
C CODE DIMENSIONING PARAMETERS
C
C NUMBER OF SURFACE PANELS ALLOWED
C

PARAMETER (NSPDIM = 4000)
C
C NUMBER OF NEUMANN PANELS ALLOWED

PARAMETER (NNPDIM = 50)
C
C NUMBER OF PATCHES ALLOWED
C

PARAMETER INPDIM = 20)
C
C NUMBER OF BASIC PCINTS ALLOWED FOR SECTION DEXINITiON
C ýALSO NUMBER IF SECTIONS ALLOWED PER PATCH)
C ,ALSO; NUMBER OF ROWS CP COLUMNS - ! ALLOWýED ON A FATCH)
C CAUTION: DO NOT SET THIS PARAMETER TO LESS THA.N 50!
C

PARAMETER ýN`BPDIM = 100)
C

C NUMBER OF WAKE PANELS ALLOWED
C

PARAMETER (NWPDIM = 15C0)
C
C NUMBER OF WAKE COLUMNS ALLOWED ON EACH WAKE
C

PARAMETER (NWCDIM = 50)
C
C NUMBER OF WAKES ALLOWED
C

PARAMETER (NWDIM = 50)
C
C NUMBER OF SCAN VOLUMES OF EACH TYPE ALLOWED
C

PARAMETER (NSVDIM = 10)
C
C NUMBEP OF POINTS PER OFF-BODY STPEAMLIN: ALLOWED

FARAMETEP (NSLPZIM = 1000)
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CNUBER, OF GROUPS OF PAN`ELS ON WHICH. NC-NCE-C NORMA1L VRESCRIEEZ

PARAMETEER (NVELDIM = 200)

C NUMBER OF LINES AT A TIME IT BE RE.AD :N FC)k THE INFLUE-NCE 0S MACR:x

C IN THE SOLVER ROUTINE (BUF-FERED INPUT FRCM THE SCRATCH FLE17
C (CAUTION: DO NOT SET LARGER THAN ONE U.NLESS YOU ARE SURE YOU HAVE
: ENOUGH MEMORY TO HANDLE BUFFýERE[ :NP*UT.

PARAMETER (MATBSUF = 1)

2 NUMBER OF WAKE CORNER POINTS ALL:OWED
C

PARAMETER (NWCPDIM=(NWPDIM

C N!UMBER OF SURFACE CORNER POINTS AL~LOWEC-

PARAMETER (NSCPDIM=(NSP-DIM -I

C
Cn number OF vEDcG u PA ata ALOints ON be PAaT iC/2/H
C

parameter (nvpts =30)

j.IMEMSION SMPW(NWPDiM) ,SORS:C .NSPDIM),
DUBIC^(NSPDIN,4A.TBUF ý,XSE(4).YSE)4)

COMMON! SOLUTION ISIG(NSPDIM), DUE(NSPDIM), PDUB)NSP:DIM),
* WDUB(NWPDIM), VX;NSP:DIM), VY(NSPDIM',
+ VZ(NSPZI;M), VXRINNPDIM), 1VYR)NNPDIM',

+ VZR(NNP0IM) ,DIAG)NSPD.M),
+ RHSV(NSPDIYý, VNCRMAL(NSPDIM), CPDUS(NSCPDI1'2

COMMON/ SPANEL / XCtNSPDIMý, YC(NSPD:).'1) ZC(NSPD7Ml,
+ PCS)3,3.NSPOIM), AREA(NSPD:M). PFF)NSPDIM).
+ CPSX(NSCPDIM), CPSY)NSCPDIM), CPsz(NSCPDI-M;,

+ ~ICPS(NPDIM) , KP76P)NSPDIM),SMP(NSPDIM;
+ SMQ (NSPBDM)

cznm RLXFAC added 2/5/93
COMMON/ CONST / RI, EPS. , RI CBAR,

SSPAN, SREF,' RWPX, PMPY, RMPZ,
MAXIT, SOLRES,FLYFAC,

+ RCORS, RFF
COMMON/ PATCHES / IDENT(NPDIM). :PAINNPrim), KLASS'NPC):M),

KOMP(NPDIM), L7AN)NPDCM), NCOLiNPIIlM),
* NPANS(NPDIM) , NROrW(NPDIM)

COMMON! TSTEP / NTSTPS, ITST1EP
CCOMMON! INTERNjAL /NZN.CPN 15VS
COMMON! NUM N NPAN,N PATP, NW PAN, NvAYZE,N COMP, NAS SEM
COMMON! ONSET /ALPHA,AL0DEG.YAW,YAWD.EG,

* BETA,WIND)3. -; ,PH:DOT,CI4E-DOT,PSIDCT.
CONPOP, SYMOPRVINF7,VSOUND

COMMON! WAKES / WCOL(NWITKM, NWpOW;ýNWIIM). IWPANHNWDIM;,

*LWPA1N!O4IZMý, :ENZ.;:NTWDIMi,
KWvPU(NWCDIM,NW4DIM), rWPL(NWC!DIM,NWD:M,,
Pi4IU(NNCD;VNWD:.M;, HLNCIWC;

+ 1 FLEXW (NlD:M)
COMMON! PRINT / LST:NP. LSTOUT. L.STGEO, LSTNA._, LS-WAF,

+ LS'IFRQ, LSTCPV ,LST]HILD, LSTJET
COMMON! SCRFILES / JPLCT, jDOUBIC,

+ JSOFIC, 1MU

COMMON! UNSTDY / OMEGA)3,.O). VFP)3.10), DTSTEP

ctnm VISCOUS added for iteration with vi'srous data 1/216/93
ctnmr dimensions increased to 30 3/26/93

COMMON! VISCOUS / IVISCS,:DEN'1V(NPD.-M),:VPRkN-,NV:sC,
* NPVMAX(0O),ALP2D:Iý0.nvpts),CL-2D)IC,nvpts),

+ rbsi~c (NSPDIM)

COMMON! wPANEL / XCWýITWPD:M) , YCW'NWPDIH) ,C)WPI:

*CPlWX;NlWCP0IM), CPWYl'NWCP:DIM,. CPWZNWC4-PDIM)'
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zomEN'S:ION qwxts, ,SWY ý5;,S*4!.!D :SI PW325 4
ctrnr var:ab~es wpt:- adoed tc hold corner pO~nrA rinorrnacicn :r- ae--enmne

c scale factors for first walke coucfl to cltminat-e bony wake 41:5' 93
6.ne~nsion wrptx'5; ,wpziy 5) ,pZ:

LOGICAL SYMGPT,D.PR,FAP

CALL- RNS

C REWIND TAPES TENDED, FOR THIS SUBROUTINE
C

RE71niNz JEORIC
REWvIND 7MU
REWIND JDUB IC

C COMPUTE TIHE WAKE POTENTIAL INFLUENCE A: THýE SUzRFAC-E C!ON7HOL ?ZI NTS

KPC-TR
I F:NPAN . T. MATBUF) THEN

NBUF = YATBUF

NBUF = NPAN
END IF
DO 10 NP=1,NPATCH

ID = I-ABS(IDENT,(NP;)
DO 20 KP=IFAN(NP),LPAN(NP)

C

IF(NCEONE.ST.0)THEN
READ(JSORICI (SORSIC(K;,Y,=1,NPAN!

ENDIF
1OTp = ICC?. ,
IF(ICTR.G-T.NBUF.OR.ICT.R.E=Q.1)THEN=ý
DO 25 I=1.NBUF

READCJDUBLIC) DU'BICýK,I; ,K=D.NPAN)
25 CONTINUE

:OTE 1
ENDI-F

C
C FTEEAEN AESET UP THE RIGHT HAND SID)E VECTOR AND THEE

C DIAGONAL. VECTOR. MODIFrY THE INFLUENCE COEFF. MATRIX FOR INTERNA.L
C FLOW MODELING IF REQUESTED IN INPUT DC.THMN GO TO SOLVER.

IF (NWAXE.LT.h1)THEN
RHSVfKP) = -F.HSVIRP)
DIAG(KP) - DUB-ICI'.P.ICTR)
IF(NCZOME.GT.3) THrEN
DUBIC(NCDAN, ICC?; =SORSII;NCDPAN!-;

ENDIF
1FFICTR.EQ.NTBUF-THEN%

WRITE(IMUJ; ( (DUEC:,^.NK, ,=K .PNYEIBF
YPC-F = KPC-P - NEU-F
IF( (NPAN-KPCTR; G-GEMATBUF- =HN

NEUF = MATBUF
ELSE

NEUF - NPAN - KPCTR
ENDIF

ENDIF
GO TO 2 0

END IF
KWP = 0
RHESUM - 0

C
C STEP~ THROUGH THE WAXES
C

DO 30 NW=l.NWAXE
ID'A = IABS=IEN`W(NW))

C
C COMPUTE THE INFLUENCE COEFFICIENTS OF EACH WAYE PAN-EL ON ALL THE

CSURFACE PANELS. SUM THESE INTO THE APPROPRIATE INFLUENCE COEFF.
C FOR THE SURFACE SEPARATION PANELS.

ZDC 40 NWC=1,HWCOLiTrJ,

DO 50 NWR.1,NWROWCNW)
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KWP = KNW? . 1
ct~nr the fcl-owing added to scale the doub-let effe~zct at ne first

C column of the wake. Th:s aliows the wakeS toC be deleted from
the body 4 /:IE'93

i knwc .eq.1) .and. nwr.g:.l) and. (np.ne.nw; then,
Wpty~l = cpwx (kwp;
wpt~y;- = cpwy:, kwojD
wptzýl) = cpwz ý kwp)
wppx : ) = cpwxskwp - nwtowilwi *

wpty(2) = cpwyckwp - nWroW(nW;
wp.-wt;=Kcw oýK - nwrow.nw' -2

wptx;3) = cpw>:(xkwp - nwr-ow; nw % 2+
WIPty 3:= cpwy, :- nWrw Ow, -2

wptz,13) = cpwz;kwp nwrcw~nw) + 2;
wptxCC) = cpwxck wp I*
wpryý4) =cpwy(kwp 2
%.ptr;z4) = cpwz~kwp 2
wptxcf) = wptx I',
wpty(Si = wpty I,
wptz(5) = wptt"l)
call l.engtb(wpt-x,wpty,wpt:.~wscale}

c endif
else
wscale = 1.

endif

!0P = 1.0
DUBICW- = 0. 0

ctnm dubicwj. used to sum wake doublet effect to first collumn. w/t body
c wakes present

dub4icwl = 0.0
100 CONTINUvE

XC? = XC(RF)

c ground effect YP=Y(p 
S

if(igp.eq.-1) then
zcp=-2.-height-zctkp,)

else
Z = ZCCK?) *I1P

endf
CALL D)STANCE (PEFW KWIP),X:!WCYWP:,YCWX(WP),ZZ-W (WP:.

CNX =PCSWcl,3,rwpj

CNY =PCSW(2,3,T0WP)
CNZ=PCW33,N;
I?(FAP) THE

*P:IDENT(NP).NE.3I)TJEN
CALL PTDUBPOTARE:AW(KWP),XCW(KWP).YCN;XWPVZC-W;,W?),

CNX,CNIY,CN;Z.XC?,YCP,ZC?,CJK)
E.LSE

PJKX = XCO - XCWX:RWP;
PJICY =Ye? - W(wp
PJXKZ = ZCP - ZZW:Nw?:
PN = jYX - NX . ?JIZY - CNY - jIKZ -* Z

PK=SQRT/FJI7X-2 - ;JXY='2 * PJKZ-2)
VJKX = AREAW:YWP)'(3-,PN'FJKX-PFjFt'-CNX)/PJK"-5
VJXY =ARAKP 3PFJ -F '>N;/JS
V.31( = AREAW(NWPýy;3tPNtJK2-PJK*2tCNZ)/PJK..5I
EJX = VJYX*PCS(l,3,KP; - VJKYYPCS:2,3 'K?:

V.31(3 I PCSC3,3,KP;
CJX = EUK

ENBIF
ELSE

CALL SCHEME (NVJPOW(NW) ,Nw~vCOL (NW) ,:WAN;W ,KWP,
ICPW NW; ,ICPWSUB;

DO CO 1=1,4
SWXUI) = CPWXUAýCPWSU-BW,)
SWY;I) = CPWY:ICPWSUBU!))
SWZ;I) = CpWZ:ICPWSUB(:);

60 CON7lNUE
I F (I DENT NP) N'E. 3) THEN

ctnr. wscale added to pass scaling for doutlet effect on first
C wake column 4-115/93

CA.LLIDETwcaSWSWWC N?:,IWWP
+2 NCW? IXK CY, ,XI.YF, 2.23K.ck

ELSE
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VJKX=O .0
VJEY= 0. 0
VJKZ=0 -0
DO 70 ::=1,4

NS = 1
AX=XCP - SWX(NS)
AY=YCP - SWYiNS)
At=ZCP - SWZ(NS)
IF;NS.EQ.4)NS =
BX=XCP - SWX(NSý`l
BY=YCP - SWY(NS-:
EZ=ZCP - SWAZ(NS-¼;*
A=S'QRT(AX'AX + AY1AY - A7*tAZ-i

E=SQPT(EXIBX + BY-BY + EZ'EZ)
AVBX = EZ-AY - BY-AZ
AVBY = AZ*EX - BZ*7,X
AVBZ = AX*BY - BX'AY
AES = AVBX-AVEX .AVEYIAVBY *AVEZ'AV`BZ

lF(AVBS.LE.RCORS.OR.A*A'A;.LE.RCCýRS.OR.
+ (EEV)LE.RCORS)GO TO 70

ADB=AXEBX + AY-BY - AZIEZ

SCALE=(AB,/(AEB(A*B + ADEU)
VJXX=VJKX+SCALE-'AVEX

Vo.TY=VJKY+ SCALE-AVBY
VJEE=VJKZ.SCALE-AVBZ

70 CONTINUE
E.2X - VJKX'PCS(l,3.KPý + VJRY-PCS(2,3.KP) +

+ VJXZ * PCS(3,3,KP)
C = EJX

END IF
END:F
OUBICW = OOIBIOW - CCX

ctnir dubucwl I's a summing variable to sum the effect of the wake doublets
c for the first column 4/14/53

if(nwc.eq2.) dubicwl = dubicwl *cjkl

IF(SYM.AND.ISY.EQ.1)THZN
.LSY = -1
GO 2O 100

END IF
IF(GPR.AND.IGP.EQ.I)TNENN

ISP = -1
IIV = I
GO 20 100

ENDIF
!F(NWR.N1E.1 .AND.ITSTErP.GT.1.)TH.EN

RHSSUN = RHSSUN . DUBICW * WDUE(}KWP)

ELSE
KEY . KWPU(NWCNW)

KL = I-WPL(NWC,NW)
c DUBIC4KU.ICTR) = DUBICiKCU4,CT?) DIUBIC
c OUBICJZL.ICTR) = UBICJ(L.ICTR) -DUEI:-W

RHSSUM = RHSSUN + DUE:CW-'PH1,U (NWC, NWý-PH4L,(NiWC,NI'TV
ctnm added to account for wake changes 4/:2/53

ýf(nwc .eq.1V and . nwr .gt .)and. (np. ne. nw,;; then
DUBICCKU,ICTR) = DUB1C(KU,ICTR) DUBIIWi
OUEIC(KL.ICTR) m D)UBICýRL,ICTR) - OUICW1

else
D'UBIC(KU,ICTR) -DUBIC(KU,1CTR) *DUB'CW

DUBIC(KL,ICTR) - DUEIC(KL,ICTR) -DUBICW

endif
ENDIF

50 CONTI NUE

40 CONTINUE
30 CONTINUE

RENSUT = RHSV(KP) . RNSSUN
RHSV(KP) = -RHSVT
D:AG(KP) = OUBIC(KP,ICTR)
IF(NCZONE.OT.0) THEN

OtIBIC(NCZPAN,ICTR) - SCRSIC(NCZPAN)
ENDIF
IF(ICTP .EQ.NBUF;TNEEN

WR:TE(I4U) ((OUEIC(N,NN)LN=1,NPAN),NN=1,NBUF;
KPCTR = KPCTP . NBU?
!Fý (NPAN-KPCTR) GE.MATRUFF,1THEN

NEUF " MATEUF
ELSE
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7UW = NAN - PCTP

ENEZIr

20 CONTINUJE
10 CONTINUE

REWICND IMU
REWIND JSORIC
RET-URN

602.frrt2125~f.,X6-:f-
END
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Appendix J.

Sample Input Dataset For T-tail Configuration

This dataset highlights the changes in input required
to run a viscous case with different viscous datasets for
the wing and tail. Additions to the input are in bold
type. Input dataset is called "data5." (Large type is not
part of the dataset!)

fwh alpha=2,t,wake def=-g,./2cosine
&EIN?2 LSTINP=0, LSItUT=1I, LSTFRQ=1, LENFUN=C, &END
&EINPO LSTGEO=0, LSNAB=C, I STWA=0, LSTCPV=0, LSTjETC, &END

rlxfac is a relaxation factor. range: 0<rlxfac<2.
Suggested value, rlxfac<0.5. Assuming the tail is patch
#2, the value of rlxfac will be doubled to speed
convergence for the tail
&BINP4 MAXIT=150, SOLRES=0.0009,rlzfac-0.125 &EN!ý
&BINP5 NTSTPS=0, DTS•TP=2.0, &END
&BINP6 RSYM=0.0, RGPR=0.0, R•F=5.0, RCORE=C.05, &END

iviscs sets whether viscous calculations are performed
default: inviscid case, iviscs=0

if viscous case, iviscs=1 (2-d data required
for dataset "drag.")

Maximum of 10 viscous datasets is currently set.
&BINP? VIN=1.0, VSOUND=1I:6.C, UNN:=0, COMPOP=0.C.iVia•o=.l &END
&BINP8 ALDEG=2.0, YAWtEG=0.0, INEDCT=0.0, PS:D0T=0.00 PHIDOT=0.0, &ENZ,
&BINP9 CBAP=.24606, SREf=.48436, SSPANz.96424,

RMPX=.86E21, RMPY=0.00, RMPZ=C.00, &END
&BINP10 NORSET=0, NBCHGE=0, NCZONE=0,

NCZPAN=01 CZDUB=0.0, VREF=00.0, &END

&ASEMI ASEMX=0.00, ASEMY=0.00, ASZMZ=O.00,
ASCAL=1.00, ATHET=0.00, NOZEA=5, &END

&COMPI COMPX= 0.0000, COMPY= 0.000C0, COMPZ= 0.0000,
CSCAL= 1.OOOC, CThET= 0.0, NODEC= 5, &ED

ivptch tells PMARC which viscous dataset (read in through
"drag.") is to be applied to this patch. In "drag.", the
angle of attack range is assumed to increase from a minimum
to a maximum (and then start again for multiple datasets).
A maximum of 30 angles of attack per dataset. Order of
input across a row: a, cl, cd, cm. The moment reference is
assumed to be the quarterchord. If the reference is
different the value of xmref must be changed in AERODAT.f.
(This could all be changed to include the moment reference
as part of the input in "drag." .) Here the main wing uses
data from the first viscous data set.

&PATCH1 !REV- 0,1DPAT= 1.MAKE= 0,KCOMP= 1, KASS= ,ivptcb.1, &END
main WING

&SECT! S',X= 0.73818,STY= 0.09022, STZ= 0.0000, SCALE= 0.2460E,

ALF= 0.0, ThETA= 0.0,
INMODE= 5, TODS. 0, "NPS= 0, T:NTS= 0, &ND

&SECT2 RTC= 0.1200, RMCf 0.0400, FPCz 0.4000,
PLAN E 2, 7ýPC= T, T•" : C. LEN

LSECT1 S-X= 0.71.8, 81 = 0.98424,SZ= 0.01,O, SCALE= 0.246O6,

ALF- 0.0, 7HETA= O.C,
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NIMODEz 0, :Wýs= 2. N'PS= :c. 7

The horizontal tail uses data from the second viscous
dataset.

&PATZ-H. : EV= 0, IDPAT= 1, MA}E= C. KCOMF= 1, KAS-= .±ivpteh-2, &E':

&SECC'C S'oX=:.59":, STY= 0.00CC, £'rTZ= C.4-6070, SCA-Z0= 064c4.,
AL= 0.0, C ."h= C,

INMhODE= 5, ':'NODS= 0, TNPS= C. C'Nrs . & ENZý

&SECT-- FTC= O.:2OC, RMC= 0.0000, Fp:= C.2000C,

:PLAN~E= 2, -NPC=1-C, TrNT,-= 0, &

CE C STY,= C .591, 2y~.6S, ST:= C.421667, sZ-AZE- -Cý434,

ALF = 0.0, T hETA. C.0,
:11MOVE= 0, TNlO D S= 3, TNPS= 1C, T: N'S = Z. ,N

&PAT:HC !REV= 0, IDPAT. 2. MKAE C, 1ZCOMP= C. L"SS= &, END

NOSE

4SECC'1 S77= 0.000c, SIM,= 0.000c, SC'Z= C-0000, SCALEz C.0000,

ALF= 0.0, THETEA= 0.0,
!NMODE= 1, TNODS= 0, TNPS= 0, TINT:S= 0, &ENO

0.0000 -1.0000 0.0000
0.1735 -0.9845 0.0000
C.34.20 -0.9395 0.0000
0.5000 -C.8660 0.0000
0.6425 -0.?660 0.0000
C.7660 -0.6425 0.0000
0.8660 -0.5000 0.0000
C.9295 -0.3420 0.0000
C.9845 -0.1735 0.0000
1.0000 0.0000 0.0000
0.9845 0.1725 0.0000
0.9295 0.3420 0.0000
0.8660 0.5000 0.0000
0.7660 0.6425 0.0000
C.6425 0.7660 0.0000
C.5000 0.8660 0.0000
0.3420 0.9395 0.0000
0.-7,35 0.9845 0.0000
0.0000 1.0000 0.0000

&BPNODE -ONODE- 3, '4PC= 8, T NT0,-, 3&EN D
&SECTi STX=0.00049 ,S-Y= 0.0000, S'Ozz 0.00CC. SCAC.E-= -20542.

ALF= 0.0. -HETA= 0.0,
1NMODEx 0, TINCDS= 0, TN'PS= 0, T-N-S= C, &END

&SECTP1 STY.=0.00164 ,STY= 0.0000. STZ= C0.0000, SZk.LEz .009P91
ALF= 0.0, THETA = 0.0,
:NMODE- 0, INODS= 0, TNPS= 0, T:N'0S= 0, &END

& PE0T2 S0X=0.00328 ,S7Y= 0.0000, STZ= 0.00CC. SCA'-Z .01296,
AC2.F 0.0, THETA= 0.0,
iNYOD3Ez 0, 'NODS= 0. TNPS= 0, r: NTS z 0, &END

&SECT: STX=0.00984 ,STY= 0.000c, STZ= C.0000, S:AZE= .024C4,
ALS 0.0, THETA= 0.0.ý

:NNODEz 0, TN00S= 0, 7N'PS= 0, 0T:N'rS= 0, & =-N
&SCC S-1=0.C2625 ,STY= 0.0000, ST.= "0.0, C~ ~ .3~

ALF= 0.0, THETA= G.0.
1NMODE. 0, -ONODS= 0, TNPS= C, T:~~C, &EN:

&SEC-71 STX=0.04265 n, STY 0.0000, STZ- 0.0000. S:ZA.Eý .14646.
ALF= 0.0. TH~ETA= 0.0,
I KM0 DE . 0. TNlODS- 0, TNPS. C. TINTS. 0, & M-.:

&SECO'1 STX=0.07546 .STYs 0.0000, ST2z 0.000C, SCA:.E= .06234.
ALF- 0.0. THETA- 0.0,
:NXODEs 0. TNODS- C, TNPS. 0, TINTS= 0, &END

&SECT1 STX.0.10827 .STY= 0.0000. STE. 0.0000, SCAL.E= .072C!,
ALF- 0.0, THETA- 0.0,
:NMODE. 0, TNODS- 0. 'N*PS= 0, TINTS- 0, &END

&SECT1 STX.O.17388 ,STY- 0.0000, STT- C.0000. SCALE. .084:2.
ALF. 0.0. THETA- 0..,
INMODE. 0, TNOOS- 0, TNPS- 0, TINTS= 0, &END

&SECT1 S-X.0.27231 *STY- 0.0000, STE. 0.0000, SCALE= .09022.
ALF- 0.0, THETA- 0.0,
INMODE- 0, 'rHODS- 2, TNPS= 5, -:NTS= 0, &END

&SECT1 STX.0.73818, STY- 0.0000, STZ- 0.0000. SCALE- .-9022.
ALPF= 0.0, THETA- 0.0,

INYO0,E- 0, -NODS- 3., :S 3, T.:NT2= 2, &END
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&PAT:H1 7%EV= 0, :0FAT= E. KFCOMF= i S= U .SE

fuselaoe under wing
S7%1T : ST7C= .-73 61 STY f.ZZ S7: .$$ STALF= .0902-',

AZF= 0.0, TH-ETA= C . ,

INMODE= i, TNODS= C, TNPS= C, TINTS= 0, &END

C.0 0O~ -: .0000 0000
0.1735 -C.9845 C.0000
C.3~42 -C.9395 C.0000
C..o500 -C.8660 C .0000
C.E4I0 -C.7660 C.-000
0.7660 -0.6425 C.0000
C.8660 -1.5000 C.0000
0.9395 -C.S420 0.0000

0.• 5 -C.173-5 C.O0000

1.0000 0.0000 C.0000
&BPNODE TNODE= 3, .IPC= 4, TNTC= 3, &END
&SECT. S."D=C.7399, STy= 0.0000, STZ= C .0000, SCALE= -09C22,

ALF= 0.0, THETA= .0C,
mD E = I, NODS= 0, ThPS= C, TINTC= 0, &END

0.0000 -:.0000 C.0000
0.1735 -0.9845 0.0000
C.3420 -0.9395 0.0000
0.5000 -0.8660 0.0000
0.6425 -0.7660 0.0000
0.7660 -0.6425 0.0000
0.8660 -0.5000 C.0000
0.9395 -0.3420 0.0000
0.9845 -0.1725 0.0000
2.0000 -0.0233 0.0000

&BPNODE TNODE= 3, TNPC= 4, T:NTC= 3, &EN:

&SECT1 STX=0.7470, STY= 0.0000, STZ= 0.0000, SCALE- .09022,
AL:= 0.0, ThETA= 0.0,
INMODE= 1, TNODS= 0, TNPS= C, T1NTS= 0, &END

0.0000 -1.0000 0.0000
0.1725 -0.9845 C.0000
0.3420 -0.9395 C.0000
0.5000 -0.8660 0.0000
C.6425 -C.7660 0.0000
0.7660 -0.6425 0.0000
0.8660 -0.5000 0.0000
0.9295 -0.3420 0.0000
0.9845 -0.1725 0.0000
1.0000 -C.0609 C.0000

&BPNODE TNZDE. 3, -NPC= 4, T7NTC= 3, &END
&SECT: STX=0.7599, Sn.- 0.0000, STZ= 0.0000, SCALE= .09022,

ALF= 0.0, THETA= 0.0,
INMODE= 1, 'N0DS= 0, TNPS= 0, TINTS= 0, &END

C.0000 -1.0000 0.0000
0.1735 -0.9845 0.0000
0.3420 -0.9395 C.0000
C.5000 -0.8660 0.0000
0.6425 -0.7660 0.0000
C.7660 -0.6425 0.0000
0.8660 -0.5000 C.0000
0.9395 -C.3420 C.0000
0.9845 -0.1725 0.0000
1.0000 -C.0776 C.0000

&BPNOE 'NODE= 3, TNPC= 4, TINTC= 3, &END
&SECTI STYX-0.7773, ST.Y= 0.0000, STZ= 0.0000, SCALE= .09022,

ALF- 0.0, THETA- 0.0,
INMGDE= 1, TNODS= 0, TNPS= 0. TINTS= 0, &END

0.0000 -i.0000 0.0000
0.1735 -0.9845 0.0000
0.3420 -0.9395 0.0000
0.5000 -0.8660 0.0000
0.6425 -0.7660 C.0000
0.7660 -0.6425 0.0000
0.8660 -0.5000 0.0000
0.9395 -0.3420 0.0000
0.9845 -0.1735 0.0000
1.0000 -0.0776 0.0000

&SPNODE TNODE- 3, -PC= 4, TINTC= 3, &END
&SECTI ST-Y0.7983, STY= 0.0000, STZ= 0.0000, SCALE- .09122,

ALF= 0.0, 7HE0A= 1.1,
INIM, E= 1, C,7LS= 0, T:" S= 0, T:NTFz 3, &END

0.0000 -i.0000 0.0000
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-.175 ;s.985 o .oo0

C.3420 C .9395 C .0000
c.10C -C .8660 C .c 0 CC
C.t425 -C.7660 0.0000
C.766C -C.6425 0.0001
C.6660 -C.5000 C.0000
-. 9295 -C.3420 C.0000

7.9345 -c.:725 0.0000
S.0000 -C.0687 C.C000

LEPNO, OE TN"DE= 3, T =PC 4, TT , &E-
&SECT: STX=C.S219, STY= 0.0,3C, -T:= .0000, SCALE= .0902:,

ALF= 0.0, THETA= c.0,
INMODE= 1, TNODS= 0, 7NS= C. T:NTS= 0, &:-D

C.000o --. 0000 0.0000
0.1735 -0.9845 0.0000
C.35420 -C.9395 c.0000
0.5000 -C.8660 C.0000
C.6425 -G.7660 0.0000
C.7660 -0.6425 0.0000
0.8660 -C.5000 0.0000
0.9395 -0.3420 0.0000
0.9845 -C.1735 0.0000
1.0000 -0.0565 0.0000

&BPNODE TNODE= 3, TNPC= 4, TCNTC= 3, &E-M•

&SECT1 SM-=0.8473, STY= 0.0000, S== C.0000, SCALE= .09022,
ALF= 0.0, THETIA= 0.0,
INMODE= 1, TNODS= 0, TNPS= 0, T:NTS= 0, &END

0.0000 -3.0000 0.0000
0.1735 -0.9845 0.0000
0.3420 -0.9395 0.0000
0.5000 -0.8660 0.0000
0.6425 -0.7660 0.0000
0.7660 -0.6425 0.0000
0.8660 -0.5000 0.0000
0.9395 -0.3420 G.0000
0.9845 -0.1735 0.0000
1.0000 -0.0443 0.0000

&BPNODE TNODE= 3, TNPC= 4, TIN-= ,&END

&SECT1 STX=0.8732, STn= 0.0000. S--= C.0000, SCALE= .09022,
ALF- 0.0, %•4ETA= 0.0.
:NMODE= 1, TNODS= 0, TNPS= C, -:NTS= 0, &END

0.0000 -1 .0000 0.0000
0.1735 -0.9845 0.0000
0.3420 -0.9395 0.0000
0.5000 -0.8660 0.0000
0.6425 -0.7660 0.0000
0.7660 -0.6425 0.0000
0.8660 -0.5000 0.0000
0.9295 -C.3420 0.0000
0.9645 -C.1725 0.0000
1.0000 -0.0321 0.0000

&BFNODE TNODE= 3, TNPC= 4, TINT--= & &ND
&SECT1 STX=0.8986, STY= 0.0000, STZ= 0.0001, SCALE= .C9002,

ALF= 0.0, THETA= 0.0,
INMODE= 1, -TNODS= 0, TNP= C, T:NTS= 0, &END

C.0000 -1.0000 0.0000
C.1735 -0.9845 0.0000
0.3420 -0.9395 0.0000
0.5000 -0.8660 0.0000
0.6425 -0.7660 0.0000
0.7660 -0.6425 0.0000
0.8660 -0.5000 0.0000
0.9395 -0.3420 0.0000
0.9845 -0.1735 0.0000
1.0000 -0.0221 0.0000

&BPNODE TNODE= 3, 7NPC= 4, TIN-C= 3, &END
&SECT1 STX=0.9222, STY= 0.0000, STZ= C.0000, SCALE= .09022,

ALF= 0.0, THETA= 0.0.
INMODE- 1, TNODS= 0, TNS= 0, T:NTS= 0, &END

0.0000 -1.0000 0.0000
0.1735 -0.9845 0.0000
0.3420 -0.9395 0.0000
0.5000 -0.8660 0.0000
.. 6415 -r.7660 C.6000
0.7(60 -0.6425 0.0000
0.8660 -0.5000 0.0000
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C.939- -C.3420 1.030C
C.9845- -C.1735 C.0000

1.8• -C.0144 2.00Cc
&BPNODE TNODE= 3, NPFC= 4, ::rNT&= E,
&SECT1 STX=0.9432, ST'Y= C.C .-. S.- 3.000, ScALE= .090:2,

ALF= 0.0, THETA= C. ,
:NMODEE= 1. "ODS= 0, TNPS= C, T:NTS= 0, &-•D

c.000c -1.0000 C.0000
0. : 5 -C.9845 CC.000
C.-,42C -C.9395 C.0000
C.5000 -0.8660 0.0000
C.64-5 -C.766C : .....
0.7660 -C.64'5 0.0000
0.8660 -0.5000 0.0000
C.9395 -0.3420 0.0000
0.9845 -0.:735 0.0000
1.0000 -0.0088 0.0000

&RFNODE TNODE= 3, -NPC= 4, T:NTC= a, &=N0
&SECT1 STX=0.9606, S'= 0.000c, STZ= .C000C, ScALE= .09022,

ALF= 0.0, ThETA= 0.0,
INMODE= I, -NODS= 0, TNPS= 0, T1$s= 0, &END

0.0000 -1.0000 0.0000
0.1735 -0.9845 0.0000
0.3420 -0.9395 0.0000
0.5000 -0.8660 0.0000
0.6425 -0.7660 0.0000

0.7660 -0.6425 C.0000
0.8660 -0.5000 C.0000
0.9395 -0.3420 0.0000
0.9845 -0.1735 0.0000
1.0000 -0.0055 0.0000

&BPNODE TNODE= 3, TNPC= 4, TNTC= 3, &END
&SECT1 STX=0.9735, STY= 0.0000, STZ= 0.0000, SCALE= .09022,

ALF= 0.0, THETA= 0.0.
!NMODE= 1, TNODS= 0, 7PS= 0, T:NS= 0, &END

0.0000 -1.0000 0.0000
0.1735 -0.9845 0.0000
0.3420 -0.9395 0.0000
0.5000 -0.8660 0.0000
0.6425 -0.7660 C.0000
0.7660 -0.64:5 0.0000
0.8660 -0.5000 0.0000
0.9395 -0.3420 0.0000
0.9845 -0.1735 0.0000
1.0000 -0.0044 C.0000

&BPNODE "NODE= 3, TNPC= 4, TINTC= 3, &END
&SECT1 STX=0.9814, STY= 0.0000, S.Z= 0.0000, SCALE= .09022,

ALF= 0.0, THETA= 0.0,
INMODE 1., !,ODS= 0, TNPS= 0, ,NTS= 0. &ZEN

0.0000 -:.0000 0.0000
0.1735 -0.9845 C.0000
0.3420 -0.9395 0.0000
0.5000 -0.8660 0.0000
0.6425 -0.7660 0.0000
0.7660 -0.6425 0.0000
0.8660 -0.5000 C.0000
0.9395 -0.3420 0.0000
0.9845 -0.1735 0.0000
1.0000 -0.0044 0.0000

&BPNODE TNCDE= 3, TNPC= 4, T2NTC= 3, &END
&SECTI S7'=0.9842, STY- 0.0000, STZ= 0.0000, SCALE= .09022,

ALF= 0.0, THETA- CC,
INMODE- 1, -NODS= 3, 'NPS= 1S, TINTS= 0, &END

0.0000 -i.0000 0.0000
0.1735 -0.9845 0.0000
0.3420 -0.9395 0.0000
0.5000 -0.8660 0.0000
0.6425 -0.7660 0.0000
0.7f60 -0.6425 0.0000
0.8660 -0.5000 0.0000
0.9395 -0.3420 0.0000
0.9845 -0.1735 0.0000
1.0000 0.0000 0.0000

&ý?NOZE TNODE- 3, ThPC= 4, 7:N70= 3,

&PATCHI :REV- 0, :DPAT0 2, MKE= 0, KCOMP= 1, KASS= 1, &END
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fuselage over wrng
FSECT, S9TX=C.7382, Sn'= C.000c, S C .0000, SA .*9;:o.

A'== 0.0, THETA= C.0,
:N3ODE= ! , TNODS= 0, TNPS C. TINTS:= 0, &EN2

-. 0000 C.0030 0.0000
C.9845 0.17`5 0.0000
0.9395 0.3420 0.0000
0.8660 0.5000 0.0000
C.7660 C.6425 0.G000
0.6425 0.7660 0.0000
0.5000 C.8660 0.0000
c.,42 C. .9295 0.000C
0.1735 0.9845 0.0000
0.0000 0.0000 0.0000

&BPNODE TN3DE= 3, TNPC= 4, . &D..
&SECT1 STX.0.7383, STY= 0.0000, S.• C .200c, SCALE= .09C2,

ALF= 0.0, THETA= 0.0,
:N, ODE= :, T'NODS= C:,pS I:NTS= 0, &ElD

i.0000 C.0310 0.0000
0.9845 0.1735 0.0000
0.9395 0.3420 0.0000
0.8660 0.5000 0.0000
0.7660 0.6425 0.0000
0.6425 0.7660 0.0000
0.5000 0.8660 0.0000
0.3420 0.9395 0.0000
0.1735 0.9845 0.0000
0.0000 1.0000 0.0000

&BPNODE "NODE= 3, TNPC= 4. T.NTC= 3. &END

&SECT1 STX=0.7444, STY= 0.0000, STZz 0.0000, SCALE= .09022,
ALF= 0.0, THETA= 0.0,
:NMODE- -, TNODS= 0, TNPs= 0, TINTS= 0, &END

3.0000 0.0920 C.0000
0.9845 0.1735 0.0000
0.9395 0.3420 0.0000
0.8660 0.5000 0.0000
0.7660 0.6425 0.0000
0.6425 0.7660 0.0000
0.5000 0.8660 0.0000
0.3420 0.9395 0.0000
0.1735 0.9845 0.0000
0.0000 1.0000 0.0000

&BPNOOE TNODE= 3, TNPC= 4, T:N-r0= 3, &END
&SECT1 STX=0.7565, STY= 0.0000, STZz C.0000, SCALE= .09022,

ALF= 0.0, THETA= 0.0,
INMODE- 1, TNODS= 0, TNPS= 0, TINTS= 0, &END

1.0000 0.1563 0.0000
0.9845 0.1735 0.0000
0.9395 C.3420 0.0000
0.8660 0.5000 0.0000
0.7660 0.6425 0.0000
0.6425 0.7660 0.0000
0.5000 0.8660 0.0000
0.3420 0.9395 C.0000
0.1735 0.9845 0.0000
0.0000 1.0000 0.0000

&BPNODE TNODE= 3, TP=C 4, T:N7c= 2,a&,;
&SECT1 STY-0.7736, ST.= 0.0000, STZz 0.0000, SCALE= .09022,

ALF= 0.0, THETA- 0.0,
INMODE- 1, TNODS- 0, TNPS. 0, TINTS= 0, &END

1.0000 0.2118 0.0000
0.9845 0.2118 0.0000
0.9395 0.3420 0.0000
0.8660 0.5000 0.0000
0.7660 0.6425 0.0000
0.6425 0.7660 0.0000
0.5000 0.8660 0.0000
0.3420 0.9395 0.0000
0.1735 0.9845 0.0000
0.0000 1.0000 0.0000

&BPNODE TNODEs 3, TNPC= 4, TINTC 3.&ND
&SECT1 STX=0.7949, STY= 0.0000, STZ' 0.0000, SCALE= .09022,

ALF- 0.0, THETA= 0.0,
: NMODE 1, ',NODS= 0, T:7 : 0. TINTS0 0. &ENZ

1C.000 0.25C06 0.C000
0.9845 0.2506 0.0000
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C.s9f9C C.34• C.0000C

c .7660 C. 6425 c. 0"0
C.6425 c.76c.0 0.0C300
0.5000 C.8660 0.0000
0.3420 0.9395 0.0000
0.1725 0.9845 0.0000
C.000 -. 0000 0.0000

&BPNODE TNC-E= 3, "1" PC= 4, TIr0C= :. &EN2

&SECTi STX-C.6193, S-Yz 0.3000, £'Z= C.000C, SAZLE= .09Cr,

ALF= 0.0, TETA= 0.0,
715DE= 0, 7ODS= C, TNPS= 0. 7:t:,S= 0, &N:

2.0000 0.2694 C.0000
0.9545 0.2694 0.0000
C.9295 C.3420 C.000
0.866c C.5000 C.0000
0.7660 0.6425 0.0000
C.6425 0.7660 C.0000
0.5000 C.8660 0.0000
0.3420 0.9395 0.0000
0.1735 0.9645 0.0000
0.0000 1.0000 0.0000

&BPNODE TNODE= 3, TNPC= 4, TINTC= 3, &END

&SECT1 S"X=C.8454, STY. 0.0000, STZ= 0.0000, SCALE= .09022,
ALF= 0.0, THETA= 0.0,
INMODE= 1, TNODS= 0, TNPSz 0. T:NTS= 0, &END

1.0000 0.2627 0.0000
0.9845 0.2627 0.0000
0.9595 0.3420 0.0000
0.8660 0.5000 0.0000
0.7660 0.6425 0.0000
0.6425 0.7660 0.0000
0.5000 0.8660 0.0000
0.3420 0.9395 0.0000
0.1735 0.9845 0.0000
0.0000 i.0000 0.0000

&BPNODE TNODE= 3, TNPC= 4, TINTOC 3, &END
&SECT1 STX=0.6720, STY- 0.0000, STZ= 0.0000, SCAZE= .09022,

ALF= 0.0, 2"ETA= 0.0,
NMONDE= 1, TNODS= 0, TNPS= 0, TINTS= 0, &END

1.0000 0.2395 0,0000
0.9645 0.2395 0.0000
0.9295 0.3420 0.0000
0.8660 0.5000 0.0000
0.7660 0.6425 0.0000
0.6425 C.7660 0.0000
0.5000 0.8660 0.0000
0.3420 0.9395 0.0000
0.0723 ^.9845 C.000o
0.0000 ".0000 0.0000

&BPNODE TNODE= 3, T•PC= 4, TINTC= 3, &END

&SECT1 STOX=C.8980, ST.Y 0.0000, STZ= 0.0000, SCALE= .09022,
ALF= 0.0, THETA= 0.0,
:NMODE 1., TNODS= 0, TNPS= 0, T:NTS= 0, &=N:

1.0000 0.2039 0.0000
0.9845 0.2029 0.0000
0.9255 0.3420 C.0000
0.8660 0.5000 0.0000
0.7660 0.6425 0.0000
0.6425 0.7660 0.0000
0.5000 0.8660 0.0000
0.3420 0.9395 0.0000
0.1735 0.9845 0.0000
0.0000 1.0000 0.0000

&EPNODE TNODE- 3, TNPCC 4, T2NT.C 3, &END

&SECT1 STXs0.9221, STY- 0.0000, STZ= 0.0000, SCALE= .09022,
ALF= 0.0, TH•ETA- 0.0,
INMODE- 1, TNODS= 0, TNPS. 0, TINTS= 0, &END

1.0000 0.1608 0.0000
0.9845 0.1735 0.0000
0.9395 0.3420 0.0000
0.8660 0.5000 0.0000
0.7660 C.6425 0.0000
0.6425 0.7660 0.0000
0.5000 0.8660 0.0000
0.3420 0.9395 0.0000
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C.:73E C.9845 0.0000
0..2020 *.0000 C.0000

&SPNODE TNODEz 3 , TPC= 4, 7"N-- , &END
&SECT' STX=0.9422, STY= 0.0000, ST-= c.0C SCALE= .092--,

ALF= 0.0, ThETA= 0.0,
NNMODE= 1, TNODS= 0, TNPq= 6, TiN79= 2, &END

2.000oc 0.1142 c.0000
c.96:45 0.1725 0.0000
C.9295 0.3420 0.0000
0.8660 0.5000 0.0000
0.7660 G.6425 0.0000
2.6425 0.7660 0.2000
0.5000 0.6660 0.0000
0.3420 0.9395 0.0000
0.1735 0.9845 0.0000
0.0000 :.0000 0.0000

&BPNODE TNCDE= 3. TNPC= 4, T2NTC= 3, &-END
&SECT1 S•"'X=0.9607, STY'= 0.0000. ST-= C.000C, SCALE= .29022,

ALF= 0.0, THETA= 0.0,
INMODE= 1, TMODS= 0, TNPS= 0, T:NSz 0-, &END

1.0000 0.0709 0.0000
0.9845 0.1735 0.0000
0.9395 0.3420 0.0000
0.8660 0.5000 0.0000
0.7660 0.6425 0.0000
0.6425 0.7660 0.0000
0.5000 0.8660 C.0000
0.3420 0.9395 0.0000
0.1735 0.9845 0.0000
0.0000 1.0000 0.0000

&BPNODE TNODE= 3, TNPC= 4, T:NT..= 3, ND
&SECT1 STX=0.9737, STY= 0.0000, STZ= 0.0000, SCAZE= .09022,

ALF= 0.0, THETA= 0.0.
INMODE= 1, TNODS= 0, TNPS= 0, TINTS= 0, &END

1.0000 0.0355 0.0000
0.9845 0.1735 0.0000
0.9395 0.3420 0.0000
0.8660 0.5000 0.0000
0.7660 0.6425 0.0000
0.6425 0.7660 0.0000
0.5000 0.8660 0.0000
0.3420 0.9395 0.0000
0.1735 0.9845 0.0000
0.0000 1.0000 0.0000

&BPNODE TNODE= 3, TNPC= 4, TINTC= -, &END
&SECT1 STX=0.9825, STY= 0.0000, STZ= 0.0000, SCALE= .09022.

ALF= 0.0, THETA= 0.0,
INMODE= 1, TNODS= 0, TNPS= 0, TINTS= 0, &ENO

i.0000 0.01:2 C.c000
0.9845 0.1735 0.0000
0.9395 0.3420 0.0000
0.8660 0.5000 0.0000
0.7660 0.6425 0.0000

0.6425 0.7660 C.0000
0.5000 0.8660 0.0000
0.3420 0.9395 0.0000
0.1735 0.9845 0.0000
0.0000 2.0000 0.0000

&BPNODE TNODE= 3, TNPC= 4, TIN`TC 3, &END
&SECT1 STX=0.9842, STY= 0.0000, STZ= 0.0000, SCALE= .09022,

ALF- 0.0, THETA= 0.0,

INMODE= 1, TNODSs 3, TNPS= I2, TINTS= 0, &END
1.0000 0.0000 0.0000
0.9845 0.1735 0.0000
0.9395 0.3420 0.0000
0.8660 0.5000 0.0000
0.7660 0.6425 0.0000
0.6425 0.7660 0.0000
0.5000 0.8660 0.0000
0.3420 0.9395 0.0000
0.1735 0.9845 0.0000
0.0000 1.0000 0.0000

&PPNODE TNODE= 3, TNPC- 4, TINTC= 3, &END
&PATCH1 :6EV= 0, :EPAT= 2, MJFKEz C, KY.OOM= 2 KASS= 1, &END
center fuselage
&SECT1 STX. 0.9842, STY= 0.0000, STZ= C.0002, SCALE= 0.C.9022,
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AF = 0.0, .HETA= .C.
INMODE= 1, 'NODS= 0, TNPF= 7, :,.T= C, &EN

C.OCOC, -2.0000 0.0000
0.:725 -0.9645 C.0000
C.3420 -C.9395 0.0000
0.5000 -C.8660 0.0000
C.6425 -0.7660 0.0000
C.7660 -0.6425 C.0000
C.8660 -C.5000 0.0000
0.9.395 -C.3420 C.0000
C.9&45 -C.1735 0.0000

c.C0 D . ,000 c .0000
c.9645 0.1735 C.0000
0.9295 C.3420 0.0000
C.866C C.5000 0.0000
0.7660 C.6425 0.0000
C.6425 C.7660 0.0000
0.5000 0.8660 C.000c
0.3420 0.9395 0.0000
0.1735 0.9845 0.0000
0.0000 1.0000 0.0000

&BPNODE TNODE= 3, TNPC= 8, TINTC= 3, END
&SECT1 SIX= I.E912, STY= 0.0000, STZ= 0.0000, SCALE= 0.09022,

ALF= 0.0, '"ETA= 0.0,
INMODE= 0, TNODS= 3, TNPS= 5, T:NTS= 3, &END

&PATCH1 :REV= 0, IDPATs 2, MAKE= C, KCOMP= 1, VASS= 1, &END
fuselage under otail
&SECT1 STX=1.5912, STY= 0.000C, STZ= 0.0000, SCALE= .09022,

ALF- 0.0, THETA= 0.0,
1NMODE= I, TNODS= 0, TNPS= C, T-NS= 0, &END

0.0000 -1.0000 C.0000
0.1735 -0.9845 0.0000
0.3420 -0.9395 0.0000
0.5000 -0.8660 C.0000
0.6425 -0.7660 0.0000
0.7660 -0.6425 0.0000
0.8660 -0.5000 0.0000
0.9395 -0.3420 0.0000
0.9F45 -0.1735 0.0000
1.0000 0.0000 0.0000
0.9845 0.1735 0.0000
0.9395 0.3420 0.0000
0.8660 0.5000 0.0000
0.7660 0.6425 0.0000
0.6425 0.7660 0.0000
C.5000 0.8660 0.0000
0.3420 0.9395 0.0000
0.1735 c.9645 0.0003
0.0o00 1.0000 0.0000

&BPNODE 'NODE= 3, TNPC= 8, T:NTZ= 2, &END
&SECT1 STX=1.7552, STY = 0.0000, STZ= C-0000, SCALE= 0.09022,

ALF= 0.0, 7hETA= 0.0,
:NMODE= 0, TNODS= 3, TNPS= i1, TINTF= 0, &END

&PATCH1 IREV= 0, IDPAT= 2, MAKE= C, KCOMF= K, KASS= i, &END
aft fuselage
&SECT1 STX.1.7552, STY = 0.0000, STZ= C.0000, SCALE= 0.09022,

ALF= 0.0, THETA= 0.0,
INMODE. 1, TNODS= 0, TNPS= 0, TINT•S 0. &END

0.0000 -1.0000 0.0000
0.1735 -0.9845 0.0000
0.3420 -0.9395 0.0000
0.5000 -0.8660 0.0000
0.6425 -0.7660 0.0000
0.7660 -0.6425 0.0000
0.6660 -0.5000 0.0000
0.9:95 -0.3420 0.0000
0.9845 -0.1725 0.0000
1.0000 0.0000 0.0000
0.9845 0.1735 0.0000
0.9395 0.3420 0.0000
0.8660 0.5000 0.0000
0.7660 0.6425 0.0000
0.6425 0.7660 0.0000
0.5000 0.8660 0.0000
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G.S420 OS-IS'S 0.0000
C2 .9845 0.0000

0.0000 7-0000 0.0000
&EN'DE -NODE= 3, '1! PC = 8, 7W'NT: Z . &END

&SE0TI STX= -8&34, sri= 0.0000, STZ= COCOCc, SCALE= C.09CZ2,
ALF= 0.0, THE-A= G.r,

INMODEt 0. -NODS= E, TNPS= I, TINTS= 3, &END

NOTE: Wakes only need separate from lifting surfaces.
Input direction is assumed from root to tip

&WAKEI :OwAYzl, IFLXW0C, &END
WING wake

&AE: K-WPA0I¾I., KWS IDE= 2, XWLI:NE= C, IKWPkM=0
KWPAN2=0, NODEvJtI. IN: TZAZ,=:, &END

&SECTI S77- so.0, sry= ooooo0, STZ: 0.7418, SCALE: 1-00oo,
ALFr= 0.0. -FETA= 0.0,
:NNODE=-!, flNCDS= 3, NP S' 23 c~~ &ENE

&WvAKE- I DWAK=1, IFLXW=0, &END
htall wake
&WAXE2 IWPACH=2, KWSIDE=2, KWLINE=0, K4PANI=0,

KWPAN2=0. NODE7N=5, INITIAL::., &END
&SECTI ST1X= 50.0, STY= 0.0000, S-Z= 0.7418, SCALE= :.0000,

ALE= 0.0, T-HETA= 0.0,
INNODE=-1, ThDDS= 3, TNPS= 20, TINTTS2 1, & END

&VS1 NVOLF= 0, NVOLC: 0, &END

&SLINI NSTL:N=0, &END
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Appendix K.

Sample Output From Data4.

This output dataset shows the typical output from
data4. for a viscous calculation. This one is specifically
the output for the example input dataset of Appendix J.
"alpha zero" gives the calculated aoo for each dataset read
in through "drag."
alpha zero - -4.000000000
alpha zero - C.0000000000E+00

This line shows the number of wake iteration step,
a, TCLS, TCDS, TCMS.

1.0000 2.0000 .5068 .0152 .0164
alpha - 0.3 9065810 4 E-01 aldeg - 2.000000000

RLXFAC - 0.1250000000

K is the column number across the lifting surface.
k alphae Cl (3-d) cl (2-d) f delta a

1 .92779 .53973 .43614 .80807 .04800
2 2.04003 .55199 .44549 .80707 .04825
3 1.06907 .55516 .44808 .80712 .04823
4 1.05264 .55337 .44654 .80696 .04827
5 1.00862 .54856 .44288 .80735 .04818
6 .94277 .54136 .43739 .80794 .04803
7 .85431 .53170 .43002 .80876 .04782
8 .74369 .51961 .42080 .80983 .04756
9 .60842 .50483 .40952 .81122 .04721

10 .44503 .48696 .39591 .81301 .04676
11 .24939 .46557 .37960 .81535 .04618
.2 .01749 .44021 .36028 .81843 .04541
13 -. 25553 .41034 .34179 .83294 .04178
14 -. 57297 .37559 .32062 .85365 .03660
15 -. 93784 .33564 .29630 .88278 02931
16 -1.34664 .29087 .26905 .92498 .01876
17 -1.78577 .24276 .23977 .98771 .00307
18 -2.22526 .19459 .2C218 1.03900 -. 00975
19 -2.65660 .14731 .14017 .95156 .012:1
20 -3.14048 .09425 .C7520 .79790 .05054

k alphae CI(3-d) cl(2-d) f delta a

1 .71772 08090 .07575 .93634 .03184
2 .71269 .07815 .073:8 .93634 .03184
3 .66707 .07315 .06849 .93633 .03184
4 .60648 .06651 .06227 .93633 .03185
5 .53614 C5879 .05505 .93633 .03185
6 .45948 .05039 .04718 .93632 .03185
7 .37516 .04114 .03852 .93632 .03185
8 .26362 .02891 .02707 .93632 .03185
9 -. 01299 -. 00142 -. 00104 .72951 .13528

10 -. 36693 -. 04024 -. 02935 .72952 .13528
1.0000 2.0000 .5010 .0150 .0169

itcl - 1 c cdiff - 1.15663716569542885
k alphae Cl(3-d) cl(2-d) f delta a

1 .93623 .53540 .43684 .81591 .08803
2 1.04704 .54748 .44608 .81478 .08854
3 1.07528 .55057 .44871 .81498 .08847
4 1.05867 .54875 .44705 .81466 .08859
5 1.01465 .54395 .44338 .81510 .08839
6 .94921 .53682 .43792 .81578 .08810
7 .86139 .52725 .43061 .81671 .08768
8 .75157 .51527 .42145 .81792 .08714
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9 .61742 .50065 .41027 .81949 .08645
10 .45546 .48299 .39678 .82150 .08555
i1 .26150 .46184 .38061 .82411 .08439
12 .03173 .43680 .36146 .82753 .08286
13 -.24142 .40731 .34273 .84244 .C7621
14 -. 56026 .37298 .32147 .86191 .06656
15 -. 92814 .33350 .29695 .89041 .C5306
16 -1.34348 .28916 .26926 .93118 .03363
17 -1.79456 .24146 .23919 .99060 .00504
18 -2.24403 .19360 .19948 1.03037 -. 01613
19 -2.65138 .14655 .14092 .96159 .02021
20 -3.09453 .09375 .07923 .84507 .08297

k alphae Cl(3-d) ci(2-d) f delta a

1 .74828 .07856 .07683 .97795 .03491
2 .72394 .07590 .07433 .97942 .03418
3 .67888 .07095 .06971 .98242 .03268
4 .61925 .06441 .06358 .98709 .03034
5 .55043 .05687 C5652 .99383 .02697
6 .47527 .04863 .04880 !.0C358 .C2210
7 .39266 .03957 .04032 1.01898 .0:440
8 .28207 .02744 02896 1.05551 -. 00388
9 .11707 -. 00200 .01202 -1.40000 1.30160

10 -. 20572 -. 03739 -. 01646 .44011 .38144
1.0000 2.0000 .4977 .0:48 .0'62

Itcl - 2 % cidif = 0.657950947061181068
k alphae C1(3-d) cl(2-d) f delta a

1 .94332 .53180 .43743 .82255 .12141
2 1.05290 .54372 .44657 .82131 .12215
3 1.08035 .54673 .44921 .82164 .12202
4 1.06355 .54488 .44753 .82134 .12219
5 1.01955 .54009 .44379 .82168 .12194
6 .95446 .53302 .43836 .82242 .12149
7 .86726 .52353 .43109 .82344 .12088
8 .75833 .51169 .42202 .82476 .12008
9 .62523 .49721 .41093 .82646 .11904

I0 .46455 .47974 .39753 .82864 .11771
11 .27204 .45882 .38149 .83146 .ii599
12 .04388 .43403 .36248 .83515 .11373
13 -. 22943 .40485 .34353 .84852 .10456
14 -. 54962 .37086 .32218 .86873 .09107
15 -. 92057 .33173 .29745 .89668 .07226
16 -1.34137 .28776 .26940 .93619 .04538
17 -1.80233 .24C39 .23867 .99284 .00620
18 -2.25763 .19281 .19753 1.02446 -. C2023
19 -2.64865 .14596 .14131 .96815 .02564
20 -3.06568 .09336 .08175 .87566 .IC369

k alphae C0(3-d) c3(2-d) f delta a

1 .75158 .07859 .07717 .98195 .C3521
2 .72643 .07591 .07459 .98257 .03435
3 .68001 .07099 .06982 .98360 .C3271
4 .61756 .06439 .06341 .96471 .03040
5 .54395 .05669 .C5585 .98518 .02764
6 .46086 .04812 .04732 .98348 .02484
7 .36406 .03834 .03738 .97487 .02337
8 .20747 .02318 .02130 .91913 .03754
9 1.25676 -. 00492 .12532 -1.40000 2.17633

i0 .30890 -. 00795 .C3172 -1.40000 1.48621
1.0000 2.0000 .4948 .0147 .0161

itcl - 3 % cldiff - 0.582960434257984161
k alphae Cl(3-d) cl(2-d) f delta a

1 .94956 .52884 43795 .82814 .14921
2 1.05798 .54060 .44699 .82683 .15019
3 1.08472 .54354 .44965 .82726 .14996
4 1.06804 .54170 .44798 .82699 .15018
5 1.02411 .53693 .44417 .82724 .14990
6 .95919 .52988 .43876 .82803 .14931
7 .87232 .52046 .43152 .81911 .14850
8 .76393 .50870 .42248 .1 052 .14745
9 .63165 .49435 .41146 .J3232 .14609

10 .47185 .47703 .39814 .83464 .14435
11 .28048 .45629 .38219 .83762 .14210
12 .05355 .43171 .36328 .64150 .i3915

154



13 -. 21996 .40279 .34426 .85444 .12789
14 -. 54127 .36909 .32274 .87441 .Iii09
15 -. 91465 .33027 .29785 .90183 .06778
16 -1.34015 .28661 .26948 .94024 .05466
17 -1.80922 .23951 .23821 .99458 .00678
18 -2.26780 .19215 .19607 1..2040 -. 02280
19 -2.64779 .14546 .14144 .97235 .02935
20 -3.04806 .09302 .08390 .90195 .11525

k alphae Cl (3-d) cl (2-d) delta a

.75153 .07855 .07717 .98237 .03523
2 .72595 .07584 .07454 .98285 .03435
3 .67848 .07082 .06967 .98376 .03266
4 .61449 .06405 .06309 .98507 .03027
5 .53866 .05604 .05531 .98698 .02725
6 .45296 .04695 .04651 .99064 .02331
7 .35481 .03635 .03643 1.0C253 .01636
8 .20634 .01851 .02119 1.14454 -. 04415

Here the CXe<aXgeometric, therefore ae is set equal to

ageometric-

alpeff > geometric alpha
9 2.00000 -. 01200 .19304 -1.40000 2.83239

10 1.47725 -. 00098 .14541 1.00000 1.11466
1.0000 2.0000 .4926 .0146 .0152

itcl - 4 % cidiff - 0.434468220919370651
k alphae Cl(3-d) cl(2-d) f aelta a

1 .95480 .52637 .43839 .83285 .17236
2 1.06239 .53802 .44742 .83159 .17353
3 1.08861 .54091 .45004 .83200 .17323
4 1.07180 .53905 .44836 .83175 .17349
5 1.02800 .53430 .44449 .83192 .17320
6 .96332 .52729 .43910 .83274 .17248
7 .87677 .51792 .43189 .83388 .17148
8 .76889 .50625 .42290 .83536 .17019
9 .63709 .49199 .41191 .83724 .16854

10 .47803 .47479 .39866 .83965 .16641
11 .28749 .45420 .38278 .84276 .16366
12 .06147 .42979 .36394 .84678 .16007
13 -. 21215 .40109 .34468 .85936 .14708
14 -. 53446 .36765 .32319 .87908 .12745
15 -. 90992 .32909 .29816 .90602 .10031
16 -1.33942 .28567 .26953 .94349 .06196
17 -1.81509 .23880 .23782 .99589 .00696
18 -2.27540 .19159 .39497 1.01763 -. 02436
19 -2.64790 .14504 .14142 .97505 .03293
20 -3.03903 .09274 .08519 .91864 .12119

k alphae Cl(3-d) cl(2-d) f delta a

1 .75364 .07878 .07738 .98225 .03530
2 .72808 .07608 .07476 .98269 .03442
3 .68027 .07102 .06985 .98355 .03272
4 .61593 .06422 .06324 .98473 .03034
5 .53914 .05613 .05536 .98616 .02736
6 .45136 .04694 .04634 .98731 .02383
7 .34599 .03615 .03553 .98279 .02088
8 .11195 .01712 .01150 .67150 .13118

alpeff > geometric alpha
9 2.00000 -. 01103 .19304 -1.40000 3.32443

10 1.32699 .02328 .13172 2.40000 .63586

This is a listing of the values used in calculating CD and
CM •

ncol xle xdist zle zdIst arearat c12dpt cm2dpt

1 .7382 .0615 .0000 .0000 .0365 .4384 -. 0898
2 .7382 .0615 .0000 .0000 .0362 .4474 -. 0894
3 .7382 .0615 .0000 .0000 .0358 .4500 -. 0893
4 .7382 .C165 .0000 .0000 .3: .4484 -.1894
5 .7382 .0615 .0000 .0000 .0342 .4445 -. 0895
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6 .7382 .0615 .0000 .0000 .0331 .4391 -. 0897
7 .7382 .0615 .0000 .000C .0318 .4319 -. 0900
8 .7382 .0615 .0000 .0000 .C303 .4229 -. 0903
9 .7382 .0615 .0000 .0000 .0287 .4119 -. 0908

10 .7382 .0615 .0000 .0000 .0268 .3987 -. 0913
11 .7382 .0615 .0000 .0000 .C248 .3828 -. 0919
12 .7382 .0615 .0000 .0000 .0226 .3639 -. 0926
13 .7382 .0615 .0000 .0000 .0203 .3447 -. 0934
14 .7382 .0615 .0000 .0000 .0178 .3232 -. 0942
15 .7382 .0615 .0000 OOOC .C!53 .2982 -. 0952
16 .7382 .0615 .0000 .0000 .0126 .2695 -. 0964
17 .7382 .0615 .0000 .0000 .0099 .2378 -. 0977
18 .7382 .0615 .0000 .0000 .0071 .1950 -. 0985
19 .7382 .0615 .0000 .0000 .0043 .1414 -. 0985
20 .7382 .0615 .0000 .0000 .0014 .0852 -. 0985

1 1.5912 -. 7710 .4167 .4167 .0195 .0774 -. 0002
2 1.5912 -. 7710 .4167 .4167 .0190 .0748 -. 0002
3 1.5912 -. 7710 .4167 .4167 .0180 .0698 -. 0002
4 1.5912 -. 7710 .4167 .4167 .0167 .0632 -. 0003
5 1.5912 -. 7710 .4167 .4167 .0149 .0554 -. 0003
6 1.5912 -. 7710 .4167 .4167 .0127 .0463 -. 0004
7 1.5912 -. 7710 .4167 .4167 .0102 .0355 -. 0005
8 1.5912 -. 7710 .4167 .4167 .0075 .0115 -. 0007
9 1.5912 -. 7710 .4167 .4167 .0046 .1930 .0039

10 1.5912 -. 7710 .4167 .4167 .0015 .1317 .0014
1.0000 2.0000 .4907 .0288 .;057

itcl 5 4 cIdiff - 0.391655042767524719

This is a listing of the iteration sequence. Values given
are: viscous iteratin number (0 is the initial inviscid
calculation.), CL diff ,CL ,CD ,CM.

0 .0000 .5068 .0152 .0164
1 .0116 .5010 .0150 .0169
2 .0066 .4977 .0148 .0161
3 .0058 .4948 .0147 .0161
4 .0043 .4926 .0146 .0152
5 .0039 .4907 .0288 .0057
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